Louisiana State University

LSU Digital Commons
LSU Historical Dissertations and Theses

Graduate School

1965

Palynology of a Lignite of Lower Eocene (Wilcox) Age From
Kemper County, Mississippi.
Janet Lee kirchner Warter
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses

Recommended Citation
Warter, Janet Lee kirchner, "Palynology of a Lignite of Lower Eocene (Wilcox) Age From Kemper County,
Mississippi." (1965). LSU Historical Dissertations and Theses. 1104.
https://digitalcommons.lsu.edu/gradschool_disstheses/1104

This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU
Digital Commons. For more information, please contact gradetd@lsu.edu.

T his d is s e rta tio n h a s b e e n
m ic ro film e d e x a c tly as r e c e iv e d

^

'

W A i m : 11, J a n e t 1 ah' K i r c h n e r , 11)33—
P A i . Y N O I i X i Y O F A FIGJNIITJv O F F O W F K
KOCKNK (WII jCOX) AGK F R O M K F M P K R
C O U N T Y , M I b b l b S I P l T.
1 / m i s i a n u S t a t e U n i v e r s i t y , P h . D . , 1 OGA
Botany

U n iver siiy Microlilms, Inc., A n n Arbor, M ich igan

PALYNOLOGY OF A LIGNITE OF LOWER EOCENE
(WILCOX) AGE FROM KEMPER COUNTY, MISSISSIPPI

A Dissertation
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy
in
The Department of Botany and Plant Pathology

by
Janet Kirchner Warter
B.S., The Pennsylvania State University, 1955
M.Ed., The Pennsylvania State University, 1960
August, 1965

P l e a s e Note:
F i g u r e p a ge s are h e a v y r e 
p r o d u c e d p a g e s and tend to
" c u r l ” . F i l m e d as r e ce iv ed .
University

Microfilms,

Inc .

ACKNOWLEDGMENT
The writer is particularly grateful to Professor
Clair A. Brown, Department of Botany and Plant Pathology,
Louisiana State University, whose long time interest in
the Tertiary lignites of Louisiana and neighboring states
made possible the initiation of this problem.

Dr, Brown

has generously provided guidance and assistance on innumer
able occasions throughout the course of the investigation,
including the collection and processing of samples, and
various photographic procedures.

He has also made avail

able to the writer his extensive personal library, reference
collection of modern pollen, and various items of equipment,
all ol which aided significantly in the completion of the
investigation.
Appreciation is also expressed to the following
individuals and Institutions:

Dr. Gordon Gunter of the

Gulf Coast Research Laboratory, Ocean Springs, Mississippi,
for the opportunity to carry out preliminary palynological
studies with the support of a National Science Foundation
grant for summer research, July and August, 1962; William
C. Roberts, head of the United States Department of Agric
ulture Bee Breeding Investigations Laboratory, Louisiana
State University, for the use of photomicrographic equipment;

ii

Department of Botany and Plant Pathology, Louisiana State
University, for the use of facilities and equipment; Biology
Department of the California State College at Fullerton for
the loan of a number of slides of m o d e m pollen from their
reference collection; and Dr. A. J. Sharp, Department of
Botany, University of Tennessee, whose interest In the
vegetational history of the southeastern United States,
particularly as represented by the fossil flora of the
Wilcox Group, helped to stimulate the writers' interest in
research In this area.

ill

TABLE OF CONTENTS
LIST OF
LIST OF
LIST OF
ABSTRACT
I

II

III

TABLES ..................................
FIGURES .................................
PLATES ..................................
.........................................

Page
v
vi
vii
vtli

1
INTRODUCTION ................................
Palynologtcal Investigations in North
America .................................
2
Some Advantages and Problems in the Use
of Pollen Analysis .......................... 4
Previous Studies and Interpretations of
the Wilcox Flora .......................
5
GEOLOGICAL CONSIDERATIONS ...................
The Mississippi Embayment ................
The Eocene Series ......... ...............
The Wilcox Group ..........................
The Tuscahoma Formation in Kemper
County, Mississippi ....................

8
8
8
9
10

METHODS OF INVESTIGATION....................
Location and Description of the
Lignite Deposit .........................
Sample Collection ........................
Sample Preparation .......................
Sample Examination and Data Collection ....
Data Presentation ........................

12

IV

SYSTEMATIC PALYNOLOGY .......................

26

V

DISCUSSION ..................................
Paleoecological Considerations
....
Comparison of Wilcox Microfossil and
Macrofossil Floras .....................
Modern Distribution of the Wilcox Flora ...
The Problem of Xerophytic Genera in
the Microflora..........................
Some Early Tertiary Pollen Types of
Europe Present in the W i l c o x ...........

131
131

S U m A R Y .....................................

153

VI

LITERATURE CITED .................................
V I T A .............................................
iv

12
18
18
20
23

139
141
149
151

155
203

List of Tabies
Table
I
II

Page

Species Frequency Based on 200 Grain per
Sample Counts ...............................

134

Extant Genera of the Wilcox and Some Areas
Where They are Represented Today ...........

142

v

List of Figures
Figure
1
?

3
4

Page

Generalized Geologic Map of Kemper County,
Showing Approximate Formational Boundaries

11

Topographic Map of Sections 3.4,9,10 and
Portions of Sections 15 and 16, T. 9 S.,
R. 15 £., Kemper County, Mississippi,
Showing Location of Lignite Exposure ........

13

Lignite and Carbonaceous Clay Deposit Along
Highway 493, Kemper County, Mississippi .....

15

Approximate Position of Lignite and Clay
Samples Within the Deposit..................

17

vi

List of Plates
Plate

Page

1

Trllete Spores ............................

168

II

Trllete Spores ............................

170

III

Trllete Spores ............................

172

IV

Trllete and Monolete Spores ...............

174

V

Monolete and Inaperturate Spores ..........

176

VI

Inaperturate(?) Spores and Pollen .........

178

VII

Monoporate and Monocolpate Pollen .........

180

VIII

Monocolpate Pollen ........................

182

IX

Trlporate Pollen ..........................

185

X

Trlporate Pollen ..........................

187

XI

Trlporate and Trlcolpate Pollen ...........

189

XII

Trlcolpate Pollen .........................

191

XIII

Tetracolpate and Trlcolporate Pollen ......

194

Trlcolporate Pollen .......................

197

Trlcolporate and Tetracolporate Pollen;
Pollen Tetrads ............................

200

Miscellaneous, Undescrlbed ................

202

XIV
XV
XVI

vil

ABSTRACT
Eighty-nine species of pollen and spores were found
in a lignite and carbonaceous clay deposit from the Tuscahoma Formation (Middle Wilcox, Lower Eocene) in Kemper
County, Mississippi.

Fifty-two of these species have been

referred to forty-four modern genera:

Anemia. Annona,

Bauhinia. Betula. Carica(?). Carpinus. Carya. Castanea.
Castanopsls. Celtls. Chrysophyllum. Clethra. Cornus,
Corylus. Engelhardtia. Fraxinus. Fremontodendron. Gunnera(?).
Hoffmanseggla. Liriodendron. Lygodlum. Manllkara(?). Myrlca.
Nelumbo. Nuphar. Nyssa. Osmunda. Pinus. Planera. Platycarya.
Polypodium. Ptelea(?). Pterls. Quercus. Rhamnus. Sabal.
Sallx. Sphagnum. Symplocos. Taxodlum. Thouinla. Viburnum.
Xanthoxylum and Zamia.

Nineteen of these pollen and spore

genera had previously been reported as macrofossils in the
Wilcox.
Composition of the pollen flora Indicates the presence
of a variety of ecological situations.

Plants of swamp

and streamside habitats are common, along with a few xerophytic types adapted, perhaps, to growth on dry, sandy
sites nearby.

The presence, in small numbers, of pollen

from genera typical of upland, more temperate environments
provides a regional aspect not reflected in the macrofossil

viii

assemblage previously reported by Berry and others.
The microflora was found to be a mixture of tropical,
subtropical and temperate genera whose m o d e m equivalents
are found today in Central America, Mexico, southwestern
United States and Southeast Asia, with a great number still
extant in the warm-temperate and subtropical regions of the
southeastern United States.
The pollen and spore assemblage supports the theory
that the Lower Eocene Mississippi embayment area was a sub
tropical, humid coastal plain occupied by a strand and
lowland swamp flora, while the inland foothills of the
Eocene southern Appalachians supported an upland forest of
more temperate aspect.
The presence in this Wilcox lignite of species of
Nudppollls. Basopollls. Trudopollls. ThomsonlpoIlls and
several other pollen types previously reported in European
lignites of Late Cretaceous - Early Tertiary age indicates
that rather close floral ties may have existed between
North America and Europe during the Lower Eocene.

ix
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INTRODUCTION

Sediments of the Lower Eocene Wilcox Group of the
southeastern United States have yielded, over the last
50 years or more, a rich and varied fossil flora in the
form of impressions and casts of leaves, fruits and other
plant parts.

Such macrofossils provide only a limited

concept of the actual plant associations which inhabited
the area of the Mississippi emfcayment and neighboring
inland regions during Lower Eocene times.

Throughout

the Wilcox sediments are found local deposits of lignite
and carbonaceous clay, relics of the peat-forming swamps
that were common along the low-lying coastal areas of
the time.

Such swamps became depositories for pollen

and spores shed by plants occupying various ecological
habitats of the region.

Today, through palynological

study, a new approach can be made to the understanding
of these ancient floras and the environmental conditions
under which they lived and evolved.
This study is a palynological Investigation of one
of these former Eocene swamps, now a lignite and clay
deposit from the Tuscahoma Formation (Middle Wilcox) in
Kemper County, Mississippi.

1
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Palynological Investigations in North America
The use of pollen analysis in paleobctanical,
paleoecological and stratigraphic research has increased
rapidly in North America in the last ten years.

Many

of these studies have been concerned with vegetational
succession associated with the Pleistocene glaciations.
Others have been more stratigraphic in nature, using
pollen and tipore floras to separate and establish boundaries
between and within geologic ages.

Unfortunately, only a

few of the investigations dealing with the older floras
have been purely paleobotanical in intent.
A number of North American palynological studies
dealing with Cretaceous and Tertiary floras are listed
below:
Lower Cretaceous
ftrenner.1 9 6 3 . Maryland
Pocock,1964. Saskatchewan
Lo
Upper Cretaceous
Radforth and Rouse,1954. British Columbia
McLaughlin,1957. Tennessee
Rouse,1957. Alberta
Upshaw,1959. Wyoming
Groot, Penny and Groot,1961. New Jersey, Alabama
Pierce,1961. Minnesota
Clarke,1963. Colorado
Hedlund,1963. Oklahoma
Upper Cretaceous - Paleocene
Anderson.1960. New Mexico
Stanley.I960. South Dakota
Norton,1963. Montana
Paleocene
Wilson and Webster,1946. Montana
Saulnier^1950. Montana
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Gerhard11958. South Dakota
Qroot and Groot,1962. Maryland
Trotter,1963. South Dakota
Paleocene - Lower Eocene
Jones,f96lb. Arkansas
Middle Eocene
Woaehouse,1933. Wyoming
Gray,1960. Alabama
Rouse,1962. British Columbia
Engelhardt,1964. Mississippi
Ollaocene
Traverse,1955. Vermont
Ollaocene - Pliocene
(iray,1964. Oregon, Idaho, Washington, California
Palynological studies from the Early Tertiary of the
Atlantic and Gulf Coastal Plains have been few.

Although

lignites and carbonaceous clays are found In some abundance
In many of these sediments, the interpretation of the
botanical history of the Eocene through these sources has
remained largely untouched.

Jones (1961b,1962) has provided

the only previous information of Lower Eocene pollen and
spores, In a study of laminated clays from south-central
Arkansas.

Only two palynological Investigations of the

younger Claiborne lignites and clays have been published,
one by Gray (1960) from a locality at Claiborne Bluffs,
Alabama, and another by Engelhardt (1964) on pollen and
spore types from a lignite near Jackson, Mississippi.
While palynological investigations of the Early
Tertiary In North America are few and mostly very recent,
European lignites of the same age have been the object of
palynological research since the early 1930's.

The
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worker In North America thus often finds himself looking
to the fossil pollen floras of Europe for comparative
material.

The degree of similarity between the Early

Tertiary floras of the two continents is, of course, of
considerable interest and will be discussed in Chapter V.
Some Advantages and Problems
in the Use of Pollen Analysis
Palynological studies have been found to be of
considerable value in the interpretation of both regional
and local vegetation because of the possibility of long
distance transport of wind-blown pollen and spores.

Leaf

impressions, on the other hand, characteristically reflect
only the vegetation surrounding the area of deposition
and subsequent fossilization.

Thus, an interpretation of

the flora based upon macrofossils alone is usually biased
toward a lowland or swamp vegetation, since associations
inhabiting upland or hilly regions some distance away
would be less likely to have leaves, fruits or seeds
deposited in the lowland lakes, swamps or tidepoois.
For this reason, a knowledge of the pollen floras can
broaden, as well as support, analyses of the vegetational
history of an area as it is known from the macrofossil
record.
In conducting such palynological studies, the
referral of fossil pollen and spores to modern genera
is one of the desired objectives.

This is often difficult

to pursue to ones satisfaction, however, since palynology
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is still a relatively young science, and published inform
ation on the pollen of modern plant species, especially
those of tropical and subtropical floras, is still insuff
icient.

Moreover, these floras are, for the most part,

only partly represented in most reference collections of
modern pollen.
Another problem lies in the probable extinction of
species or entire genera which may be represented in fossil
pollen and spore floras.

The true affinities of such types

may never be known unless found in organic attachment with
a recognizable macrofossil, i.e., within the anther of a
fossilized flower (or the sporangium of a fern) which can
be placed within a m o d e m genus or family.
course, a very rare occurrence.

This is, of

This situation has resulted

in the widespread use of artificial form genera and form
species by those whose use of the microfossils does not
depend upon knowledge of natural botanical affinities.
In view of these hinderances to the complete under
standing of fossil pollen floras of Early Tertiary age or
older, the worker must proceed with caution in assigning
fossil grains to m o d e m genera.

Many of these generic

assignments made by various workers will undoubtedly
require revision as knowledge of other fossil floras and
the morphology of m o d e m pollen becomes better known.
Previous Studies and Interpretations
of the Wilcox Flora
The extensive study of the macrofossil record of
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the flora of the Lower Eocene Wilcox Group was one of the
major paleobotanical contributions of E. W. Berry.

His

1916 monograph, "The Lower Eocene Floras of Southeastern
North America," and 1930 "Revision of the lower Eocene
Wilcox Flora of the Southeastern United States," together
present one of the most abundant and varied fossil floras
known, with 500-600 species in about 180 natural and form
genera.

The assemblage was gathered from more than 132

localities in Alabama, Mississippi, Tennessee, Kentucky,
Illinois, Arkansas, Louisiana and Texas.

Subsequent

additions and revisions have been made by Ball (1931,1939),
R. Brown (1939,1940,1944,1960), Berry (1941,1945) and
Dilcher (1961).
Although a few typically temperate genera, such as
Betula and Comptonla. have been reported in the Wilcox
(R. Brown,1944), the character of the flora has generally
been interpreted as humid subtropical to tropical on the
basis of the ecological requirements of the great majority
of the plants in the macrofossil assemblage.

Berry (1916,

1930) believed this coastal strand flora to be in complete
agreement with modern floras of the Caribbean coast from
Central America to northern Brazil.

A recent study of

epiphyllous fungi on Wilcox leaves frcm Tennessee (Dilcher,
1963) lends support to Berry*s interpretation of a humid,
subtropical climate.

The degree to which such an inter

pretation might be either challenged or supported by
palynological studies has been discussed by Sharp (1951)
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and Graham (1965).

The evidence provided by this invest

igation is presented in Chapter V.

II

GEOLOGICAL CONSIDERATIONS
The Mississippi Embayment

The general geology of the Mississippi embayment is
treated in detail in a publication of the same title by
Cushing, Boswell and Hosman (1964).

The embayment,

comprising about 100,000 square miles in the Gulf Coastal
Plain, and including parts of Alabama, Arkansas, Illinois,
Kentucky, Louisiana, Mississippi, Missouri, Tennessee and
Texas, is a syncline filled with sedimentary rocks reaching
a maximum thickness of about 18,000 feet in the southern
part of the region.

The axis of the syncllne parallels,

in general, that of the Mississippi River.

The sedimentary

materials (gravel, sand, silt, clay, lignite, marl, chalk,
and limestone) range in age from Jurassic to Quaternary
and represent the various deposltional environments during
millions of years when the area was shaped by periodic
transgressions and regressions of the sea.
The Eocene Series
About 70% of the embayment is underlain by sediments
of the Eocene Series, composed of the Jackson Group (Upper
Eocene), the Claiborne Group (Middle Eocene) and the Wilcox
Group (Lower Eocene).

These three units span a period of
8
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approximately 22 million years, from about 55 million
years to 33 million years ago, according to potassium argon dating (Evernden, et al, 1961).
The Jackson and Claiborne sediments are mainly marine
in origin, and represent phases of transgression of the
Eocene sea.

Most of the Wilcox sediments, on the other

hand, were laid down during a period of major regression.
This regressive cycle began during the Upper Paleocene,
and continued through the Wilcox with deposition of sand,
silt and clay from the rising interior regions.

Within

these deposits, in the alluvial and transitional environ
ments of the upper deltaic plain, were preserved carbon
aceous materials in the form of lignites and clays
containing plant microfossils and, in some places, leaf
impressions.

Discontinuous lignite beds are found through

out most of the Wilcox formations.
The Wilcox Group
According to Rainwater (1964), the Wilcox Group in
Kemper County, Mississippi, is represented by the following
formations:
Hatchetlgbee (U. Wilcox) - non-marine - about 200 ft.
Bashi marl member,
Hatchetlgbee (U. Wilcox) - shallow marine - about 20 ft,
Tuscahoma (M. Wilcox) - non-marine - about 400 ft.
Nanafalia (L. Wilcox) - shallow marine - about 100 ft.
The non-marine Tuscahoma Formation, composed of nearly
400 feet of sand, shale and lignites, is the source of the
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lignite and clay deposit studied in this work.
A representative section through the three formations
of the Wilcox in their type area, west-central Alabama, is
illustrated by Rainwater (1964).

The lithology of the

sediments that make up the Tuscahoma in this area is mainly
sand and shale, with same glauconite and patches of carbon
aceous material throughout the column.

Environmental

interpretations listed by Rainwater indicate deposition
tinder brackish conditions (deltaic, lagoonal, coastal marsh,
restricted shallow sea) for almost the entire formation.
The Tuscahoma Formation
in Kemper County, Mississippi
The Tuscahoma Formation occupies a belt about nine
miles wide stretching north-northwest across the western
end of Kemper County (see Figure 1).

It is bounded on the

east by the Nanafalia Formation (Lower Wilcox) and on the
west, at the southwestern tip of the county, by the Bashl
marl (Upper Wilcox).

Detailed geological information

concerning these formations as represented in Kemper County
is available in a work by Hughes (1958).

The age of the

Tuscahoma Formation is not known with certainty, although
a potassium - argon dating of a sample of glauconitic sand
stone from the overlying, younger Bashi marl yielded an
age determination of 52 million years (Evernden, et al.
1961).
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1
?
3
4
5
6

Lower Claiborne (Eocene)
Upper Wilcox (Eocene) - Bash! marl
member of Hatchetlgbee Fm.
Middle Wilcox (Eocene) - Tuscahoma Fm,
Lower Wilcox (Eocene) - Nanafalia Fm.
Midway Group (Paleocene)
Selma Group (Upper Cretaceous)
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Location ot Lignite Deposit

Figure 1

Generalized Geologic Map of Kemper County,
Showing Approximate Formatlonal Boundaries
Right:

Location of Kemper County.
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METHODS OF INVESTIGATION

Location and Description
of the Lignite Deposit
The poLLen and spores treated in detaiL in this study
were extracted from samples of a lignite seam and associated
clays that outcrop in a road cut along state highway 493,
1.5 miles south of the Liberty church cemetery, Section 10,
T. 9 N., R. 15 E., Kemper County , Mississippi.

(Figure 2).

The outcrop and its over- and underlying red and white
sandy clays are shown In Figure 3.

The lignite is a seam

about six inches thick In the center of the dark band,
indicated In Figure 4 by sample numbers 9-12.

The seven

to eight Inches of dark material above and below the lignite
is composed of a very hard carbonaceous clay, represented
by samples 6-8 and 13 and 14.

(The position of these

samples, as marked in Figure 4, is approximate.)

An

additional sample, labeled 15, was taken from a thin lens
of lignite some distance to the right on Figure 3.

This

sample was approximately equivalent to the level of lignite
sample 12.

Samples 1-5 were obtained from the red and

white sandy clays under the seam and were not processed for
spores and pollen.
The thick outcrop of lignite and dark clay extends
for a distance of about 56 feet (Figure 3).
12

The exposure

13
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Figure 2

Topographic Map of Sections 3 4, 9 10 and
Portions of Sections 15 and 16, T. 9 N.. R.
15 E,, Kemper County, Mississippi, Showing
Location of Lignite Exposure (arrow).
Map Constructed from bottom right corner of
U.S.G.S. Moscow Quadrangle, and bottom left
c o m e r of U.S.G.S. Lauderdale NW Quadrangle.

Figure 3

Lignite and Carbonaceous Clay Deposit Along
Highway 493, Kemper County, Mississippi.
The six inch lignite seam is located immed
iately above the top of the marker pole.

15

Figure 4

Approximate Position of Lignite and Clay
Samples Within the Deposit.
Each division on the marker pole equals
six inches.
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then thins out on each side, and eventually the lignite
merges into thin bands of gray clay that fade out at either
end.

The total exposure along the road cut extends

approximately 270 feet.
Sample Collection
Samples of lignite and clay were taken by cutting
away the exposed edge of the seam and carefully removing
unweathered blocks

1-2

inches thick in sequence up through

the deposit at about the center of the thickest area.
marker pole in Figures 3 and 4).

(See

Each sample block was

placed in a plastic bag, tagged and mmbered.

The number

used to designate each sample during collection was main
tained throughout later study of the material.
Sample Preparation
Initial steps in preparing the lignite and clay for
chemical maceration were as follows:
1. Lignite and clay blocks were trimmed to remove all
surface areas which might be contaminated.
2. Large trimmed pieces were broken into smaller lumps
that could be easily handled.

These small pieces were

scraped against the inside of a small tea strainer, and
the fine, screened particles collected in a clean labeled
bottle of appropriate size.

Each stock bottle was filled

to about half with the powdered sample to ensure adequate
representation of the raw sample.
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3. After each stock sample was thoroughly stirred, a
one-half gram sample was weighed out and placed in a

120

ml. flask for chemical maceration.
Separate procedures were used for the disaggregation
of the lignite and clay samples (see C. A. Brown,1960).
The lignite was processed as follows:
1. To each one-half gram sample of the lignite, 15 ml.
of Schulze solution (5 ml. KCIO3 : 10 ml. conc. HNO^) were
added.

A loose cork stopper was placed in each flask to

prevent contamination, and the mixtures allowed to stand
for 48 hours.
2. At the end of 48 hours, 15 ml. of HH^OH were added
to each flask.

(The samples turn dark brown as the hxanic

matter is released.)

The flasks were allowed to stand for

another 24 hours before rinsing.
3. After this period, each lignite sample was centrifuged
in a Sorvall anglehead centrifuge for two minutes at 5000
RPM, and the liquid discarded.

A test of the liquid indic

ated that no pollen was being lost.
4. Samples were next washed and centrifuged twice with
distilled water.
5. After thorough rinsing to remove all chemicals, each
sample was poured as a concentrated liquid into a small
bottle with a screw top.

The bottle and contents were

centrifuged, and the excess water carefully removed from
the top of the residue with a small pipette.
6

. A small amount of glycerine Jelly was added to each
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sample bottle, and the contents thoroughly stirred.

A few

drops of Bismark brown were used for slight staining.
Carbonaceous clay samples were processed as follows:
1. The one-half gram samples of powdered clay were
treated with

10

ml. of

10%

H 2 O 2 end allowed to stand for

one hour to bring about deflocculation.
2. Samples were centrifuged to remove the H 2 O 2 , rinsed
once with distilled water and recentrifuged.
3. The samples were then transferred to labeled
polyethelyene bottles.

To each were added 10 ml. of HF,

and the samples allowed to stand for 48 hours.
4. At the end of this period, the HF was removed by
centrifuging, and the samples rinsed twice with water.
5. A small amount of 5% KOH was added to neutralize
any remaining acid.

This was removed, the samples rinsed

again with water, and the samples bottled with glycerine
Jelly, as described for the lignite samples.
Sample Examination and Data Collection
A channel sample of the lignite, collected by Dr.
Clair A. Brown in the fall of 1962, was the basis of
extensive preliminary study of the microfossil content
of the deposit.

Several single grain isolations were

made, followed later by the use of a diamond-tipped
microscope attachment used to scratch a small circle on
the cover glass of permanently mounted slides, thus marking
the position of particular specimens.

Each scratched
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circle was marked by a second circle of India ink and
numbered on the slide.
Paraffin-sealed permanent slides from the channel
sample were scanned completely under low power, and
specimens of particular interest (or exceptional preser
vation) were circled and numbered as described.

Over

50 slides from the channel sample were examined in this
manner, several with between ten and twenty specimens
marked.

Each circled grain was later studied under oil

immersion and assigned a categorie number by which it could
be identified for routine purposes.

Separate data sheets

with a sketch of each morphological categorie were used to
record information of slide number, circle number and size
measurement in microns, as well as preliminary notes on
structural characteristics.
After complete sampling of the deposit in the fall of
1963, the same procedure was used for study of lignite
samples 9-12 and 15, and clay samples

6-8

and 13 and 14.

Between twenty and thirty slides from each sample were
scanned and circled.
The large number of specimens marked for study from
the original channel sample, combined with those from the
numbered samples of the lignite and clay, provided a
sufficiently large number of most pollen and spore types
to enable evaluation of size ranges and degree of morph
ological variation within each categorie.

In several

instances, rare specimens were encountered Which would
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undoubtedly have been missed if only a few slides of each
sample had been examined.
After scanning, circling and data recording had been
completed for 20-30 slides per sample, each numbered categ
ory was studied individually.

All specimens that had been

previously assigned to a particular categorie were reexam
ined to sort out misplaced grains and to review the morph
ological characteristics of the group so that an accurate
description could be composed.

Specimens to be photographed

were also selected as each species categorie was studied.
Photographs of representative specimens of each species
were later made under oil immersion and enlarged to lOOOx.
They are reproduced in Plates I - XVI at that magnification,
except where otherwise noted.
Although a fair estimate of the abundance of the
various pollen and spore types was already “in mind" as
a result of the many slides previously studied, a

200

grain

frequency count was made from each sample for comparative
purposes.

Up to ten traverses per slide (at predetermined

points) were made under high power, and the first
identifyable specimens recorded.
in Table I.

200

The results are tabulated

Frequencies based on 200 grain counts should

not be considered an absolute measure of the abundance or
presence of pollen and spore types within the deposit, but
only an indication of these factors.

Thirty-four of the

eighty-nine types known to occur in the deposit did not
appear in the

200

grains per sample (or 1800 total grains).
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Data Presentation
In Chapter IV Information concerning each species
Is subdivided Into four categories: description, discussion,
occurrence (within the deposit) and distribution of similar
forms.
Each descriptive section provides information concern
ing the number and type of apertures (pores, furrows or
both) if present, the shape of the grain, size range in
microns, distinctive characters of the apertures, thickness
and structural features of the exine, L - 0 pattern, number
of specimens studied, and slide number and location of
specimens illustrated.

Terminology used is basically that

of Erdtman (1943,1952), although technical terms have been
avoided where meaning could bo adequately expressed without
them.

Both the morphological categories and descriptive

vocabulary most used by palynologlsts are now generally
available through texts by Erdtman (1943,1952) and Faegri
and Iversen (1964).
A short discussion section following each description
provides information on probable or suggested botanical
affinities and other pertinent information.
Species frequency and distribution within the lignite
and clays is given in the "occurrence" section.

A more

detailed presentation of this information for each species
can be found in Table I, Chapter V.
Distributional data on similar forms is intended to
provide some concept of both the geographical distribution
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and the existence and persistence of each type through
geologic time.

The intention here is merely to present,

in some managable way, similar forms that have been
reported in many of the most important palynological works,
with no implications as to synonomy or to the validity of
the names under which they are listed.

Works cited reflect

only the literature available to the writer, and her
judgement as to the degree of similarity between the Wilcox
fossil grains and specimens described and illustrated by
other workers.
Several palynological studies have been available in
the form of unpublished theses and dissertations.

A few

of these manuscripts contain descriptions of new species.
To avoid perpetuation of species names which are not yet
validly published, citations in these cases have been
listed under a generic name alone.
Although several new and apparently unreported forms
were found in this study, it is considered preferable to
withhold designation of new species until the manuscript
is published.

The placing of particular forms within the

framework of a natural genus, form genus or an "unknown"
grouping seems sufficient for the present.
Generic identifications were made by comparison of
fossil grains with m o d e m pollen, and by use of published
photographs of m o d e m and fossil species in the literature.
Since in no case were type specimens obtained, the degree
of similarity between previously described fossil species
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and the Wilcox forma could be only estimated.
The writers concept of the degree of allowable
variation in size and certain aspects of morphology within
each species is admittedly broad.

From what is known of

modern pollen, some degree of variation is normal and
should be expected when a large number of grains of a
given form are encountered.

Some of the species reported

here may well represent more than one botanical species,
however, and further separation might be necessary when
the Eocene microflora of the southeastern United States
becomes better known.
The interpretation of slide locations of specimens
illustrated in Plates I-XV is as follows:
(Example) Fig.1:12-12,no.7 would Indicate sample 12,
slide 12, circle 7.
(Example) Fig.12:CS11,no.2 would indicate channel
sample slide

11

, circle

2

.

IV

SYSTEMATIC PALYNOLOGY
BRYOPHYTA
MUSCI
SPHAGNACEAE
Sphagnum species

1

Plate I, Figures 1,2,3
Description:

Trilete, equatorial contour subtrlangular

to subcircular.
eter.

Size range (21) - 25-30 - (33)m In diam

Y-mark thin, extending to the margin of the spore,

often slightly gaping.

Exlne smooth to faintly textured,

1-1.5m thick; sexine and nexine of similar thickness.
specimens measured.
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Specimens illustrated - Fig.1:12-12,

no.7; Fig.2:13-5,no.9; Fig.3:13-3,no.4.
Discussion:

Fossil Sphagnum spores with a short Y-mark

have been separated from the long Y-mark type by most
workers.

In a few of these Wilcox spores, the length of

the Y-mark could not be accurately determined.

These

questionable specimens are being considered here along
with the long Y group.

It is possible, however, that

short Y spores do occur in the Wilcox.
Similar long Y spores from the German Cretaceous Tertiary lignites have more recently been placed in the
form species Sterelsporites stereoides.
26
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Occurrence: Absent to rare In the lower clay, Infrequent
throughout the lignite and upper clay.
Distribution of similar forms:
Sphagnum sp.
Tniergart,1940. Miocene,Germany
Kremp,1949. Miocene,Germany
Trotter,1963. Paleocene,South Dakota
Sporites stereoldes R.Pot.6* Ven.1934
Potonie and Venitz,1934. Oligocene - Miocene,Germany
Sphagnum-sporltes stereoides (R.Pot.& Ven.1934)Raatz 1937
Raatz 1937. HTocene,Germany
Potonie, Thomson and Thiergart,1950. Pliocene,Germany
Potonie,1951b. Pliocene,Germany
Sphagnum a d o rites sp.
Jones,1961b. Paleocene - Lower Eocene,Arkansas
Sterelsporites stereoides (R.Pot^A Ven.1934)Th.& Pf.1953
Thoms on and
lug,1953. Upper Cretaceous - Pliocene,
Germany
Meyer,1956. Miocene Germany
Krutzsch,1959. Middle Eocene,Germany
Sterelsporites sp.
kunert and Lenk,1964. Upper Cretaceous,Germany

Sphagnum species

2

Plate I, Figure 4
Description:

Trilete, subtriangular to subcircular in

equatorial contour.
in diameter.

Size range of three specimens, 28-33m

Y-mark thin, about two-thirds the radius,

extending out to an inner ring or "cLngulum".
smooth to slightly verrucose,
than nexine.
Discussion:

2-2

Exine

.5m thick; sexine thicker

Specimen illustrated - Fig.4:13-12,no.6.
This thicker walled Sphagnum appears to
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represent the type described by Cookson (1947).

It was

first reported in North America by Stanley (1960) and
Jones (1962).
Occurrence:

Very rare.

Found only In the upper half of

the lignite and the upper clay.
Pistrlbution of similar forma:
Trlletea australis Cookson 1947
Cookson, 1*^7.! Tertiary,Kerguelen Island
Sphagnltes austrails Cookson 1947 forma parva Cookson 1953
dookson,1953. Tertiary,Australia
Sphagnumsporltes australis Cookson 1947
Stanley, l^<i>0. Upper Cretaceous - Paleocene,South Dakota
Jo nes, 1962. Paleocene,Arkansas
Clarke,1963. Upper Cretaceous,Colorado
Sphagnumsporltes sp.
Upshaw,1959. Upper Cretaceous,Wyoming

TRACHEOPHYTA
PTER0PS1DA
FILICINEAE
OSMUND ACE AE
Osmunda species

1

Plate I, Figures 7,8
Description: Trilete, spherical to subprolate, most
grains split and partially crushed.
in diameter.
of the spore.

Size range 42-48tJ

Y-mark extends about two-thirds the radius
Exine rugulate, up to 1m thick; sexine

composed of short, Irregular, mostly peg-like to rounded
warts.

Five specimens measured.

Specimens illustrated -
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Fig.7:13-7,no.4; Fig.8:13-9,no.9.
Discussion:

Osmund*-Like spores occur throughout the

German Tertiary brown coals.

In North America, similar

forms are known from the Upper Cretaceous through the
Middle Miocene.

This is the first record of Osmunda

from the Wilcox.
Occurrence:

Present In very small numbers in the upper

half of the lignite and in the upper carbonaceous clay.
Distribution of similar forms:
Osmunda clnnamomea L.
Macko, 1959." Miocene,Poland
Osmunda claytonlana L.
Macko,1957. Lower Miocene,Poland
Sporites primarius Wolff 1934
Wolff,1934. Pliocene,Germany
Osmunda-aporltes primarius (Wolff 1934)Thom son 1950
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Rouse,1957. Upper Cretaceous,Alberta
Trirad.-sporltes primarius (Wolff 1934)Mttrr.& Pf. 1952
MQrriger and “Pflug ,1952. Oilgocene,Germany
Baculatlsporltes primarius (Wolff 1934)Th.& Pf. 1953
Thomson and Pflug,1953. Eocene - Pliocene,Germany
Mttrriger and Pflanzl,1955. Oligocene,Germany
Baculatlsporltes gemmatus Krutzsch 1959
Krutzsch,1959. MiddleEocene,Germany
Kedves,1961. Lower Eocene,Hungary
Rugulati aporttea quintus Pflug and Thomson 1953
Thomson ana Pflug,1953. Miocene,Germany
Meyer,1956. Miocene,Germany
Osmundacldltes we 1 lmanl1 Couper 1953
Couper,1953 . Jurassic,New Zealand
Couper,1960. Cretaceous,New Zealand
(cf.)Clarke,1963. Upper Cretaceous,Colorado
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(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma
Norton,1963. Upper Cretaceous - PaLeocene,Montana
Engelhardt,1964. Middle Eocene,Mississippi
Osmundacldltes sp.
Stanley,1960. Upper Cretaceous - Paleocene,South Dakota
Rouse,1962. Middle Eocene,British Columbia

SCHIZAEACEAE
Lygodium species 1
Plate I, Figures 9,10
Description:

Trilete, equatorial contour subspherical

to subtriangular.

Size range 37-55p in diameter.

Y-mark

reaches about two-thirds the radius of the spore, margins
thickened.

Exine foveolate, 2-3u thick; muri broad,

appearing flattened at the surface; foveolae irregularly
oval to rounded, mostly 2-4u wide; contour of the spore
undulating to warty.

12 specimens measured.

Specimens

illustrated - Fig.9:9-16,no.3; Fig.10:13-10,no.3.
Discussion:

Lygodium spores of a very similar type were

described by Chandler (1955) from the Eocene of Dorset,
England.

Chandler's spores were obtained from fertile

sporangia in association with Lygodium macrofossils, and
are said to compare favorably with spores of the m o d e m
species L. scandena Sw. and L. reticulaturn Schk.
Spores of the same general type have been reported
in North America from the Upper Cretaceous through Middle
Eocene, but the species has not previously been reported
from the Gulf Coast Eocene.
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Macrofossils referred to Lygodium were found in ten
localities in the Wilcox by Berry (1916,1930), who described
three species.
Occurrence:

Present in very low numbers through most of

the lower and upper clay, and in the lowest section of the
lignite.
Pi stribut ion of similar forms :
Lygodium poolensis Chandler 1955
Chandler,
Eocene,England
Lygodium sp.
Rouse,1962. Middle Eocene,British Columbia
(?)Onychlum japonlcum Kuntze
Trotter,1963. Paleocene,South Dakota
Foveotrlletes sp.
Upshaw,1959. Upper Cretaceous,Wyoming
Stanley,1960. Paleocene,South Dakota

Lygodium species 2
Plate II, Figures 11-19
Description:

Trilete, equatorial contour subtriangular

to subspherlcal, many specimens with a prominent exinous
"flap".

Size range (32) - 39-70 - (78)p.

Length of Y-mark

variable, extending one-half to three-fourths the radius,
often split or forked at the ends.

Margins of the Y-mark

usually appear thickened, and on a few specimens the margins
are wavy.

A broad, smooth "torus" area is also character

istic of a few spores.

Exine smooth, l-2n thick; sexine

usually appears slightly thicker than nexine.

62 specimens
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measured.

Specimens illustrated - Fig.11:14-13,no.4;

Fig.12:CS11,no,2; Fig.13:13-5,no.12; Fig.14:11-9,no.3;
Fig.15:13-5,no.10; Fig.16:14-5,no.13; Fig.17:13-5,no.4;
Fig.18:13-3,no.8; Fig.19:13-16,no.5.
Discussion:

Deak (1959), in a study of spores of the

m o d e m species Lygodium po 1 ymorphum (Cav. )H.B.R., reports
that three morphological types, the normal "trilete", the
lobed "triplans" and a "poroplans" form, occur together
in the same preparation.

Kedves (1961) illustrates an

even wider range of variation in spores of the m o d e m
species Lygodium circinatum (Burm.)Sw.

He observed, in

addition to the trilete and triplans forms, spores which
have been described as different genera by Thomson and
Pflug (1953), and some which fit the form varieties
"pseudodivisus", "pseudotorus" and "pseudoundulatus" of
Krutzsch (1959).

Since it is obvious that differences

in contour of the spore or appearance of the Y-mark are
often due to deformation of the spore, or to natural
variation within the same sporangium, Kedves recommends
that only exine structure, length of the Y-mark and size
of the spore be considered significant for species differ
entiation.
According to Kedves' suggested grouping of these
fossil spores (1961, p.113), most of the Lygodium-like
spores from the Wilcox fall within the form species
Leiotriletes adriennis.

Kedves groups here spores between

50-80P, with an exine thickness of 1-2m , and Y-mark lengths
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of one-half to four-fifths the radius.

Variants from the

typical trilete form, and those which exhibit special Y-mark
characters, are grouped as form varieties of Lelotriletes
adriennis. with the understanding that all may represent
spores from the same botanical species.
Some of the Wilcox spores are smaller than 50m , but
are otherwise within the L. adriennis type.

They are

being included here, with the recognition that the entire
assemblage could represent one or more species of Eocene
Lygodium.
Since the discovery of Anemia poolensis Chandler 1955,
in which smooth walled spores of (36) - 50-60 - (70.4)m
were found in fertile sporangia of Eocene fossil Anemia
from the Isle of Wight (Chandler, 1955, PI.33, figs. 24-31
and PI.36, figs. 54,56,58), the possibility should not be
ignored that similar smooth Anemia spores may be represented
in this assemblage.

Chandler describes these smooth spores

as having an exine thickness of 2-2.5p, with Y-mark often
forking at the ends.

A great deal of morphological overlap

could be expected if smooth walled Anemia and Lygodium
occurred together in the Wilcox.

Spores identical with

Anemia poolensIs Chandler have already been reported from
the Middle Eocene of western British Columbia by Rouse (19621
The variety of form genera and form species designations
listed in the accompanying section illustrates some of the
taxonomic problems encountered by workers dealing with
variable spores of this type.

Although it is possible that
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some of the citations may actually represent a natural
genus other than Lygodium. all appear to fall within the
demonstrated morphological variation of this genus.
Occurrence:

Present in varying frequency throughout the

deposit, reaching its greatest abundance in the upper clay.
Distribution of similar forms:
Lygodium sp.
Jones,1961b. Lower Eocene,Arkansas
(?)Adiantopsls pedata (Hook)Moore
Trotter,1963* FaTeocene,South Dakota
Punetat1-sporites adriennis R.Pot.& Gell. 1933
Fotonie and Gelietich,1933. Lower Eocene,Hungary
Lygodium-sporites adriennis (R.Pot.fic Gell.1933)Thom. 1950
Fotonie, Thomson and Thiergart,1950. Miocene,Germany
(cf.)Clarke,1963. Upper Cretaceous,Colorado
Lygodolsporites adriennis (R.Pot.& Gell. 1933)
Anderson,1960. tipper Cretaceous,New Mexico
Leiotriletes adriennis (R.Pot.& Gell.1933)Krutxsch 1959
Strutzsch, 1959. kiddle Eocene,Germany
Kedves,1961. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France
Leiotriletes paramaxlmus Krutzsch 1959
itrutzsch, 1959. Middle Eocene,Germany
Laevlgatlsporites pseud omaxlmus Pflug and Thomson 1953
Thomson and Pflug,1953. Cretaceous - Miocene,Germany
Kedves,1960. Lower Eocene,Hungary
Stanley.1960. Upper Cretaceous - Paleocene,South Dakota
Norton,1963. Upper Cretaceous - Paleocene,Montana
Trlpianosporites slnuosus (Pf. 1952)Pf.& Thom. 1953
Thomson and Pflug, 1953. Cretaceous - Miocene,Germany
Pflug,1953. Upper Cretaceous,Germany
Meyer,1956. Miocene,Germany
Stanley,1960. Upper Cretaceous - Paleocene,South Dakota
Krutzsch,1962. Paleocene,Germany
Norton,1963. Paleocene,Montana
Trlplanosporltes sinomaxoldes Krutzsch 1962
Krutzsch,1962. Upper Oligocene,Germany
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Trlplanoaporltes sp.
Upshaw,1959. Upper Cretaceous,Wyoming
Dlvlsisporites partitas Pflug 1953
Thomson and p£lug,1953. Upper Cretaceous - Paleocene,
Germany
Mttrriger and Pflanzl,1955. Oilgocene,Germany
Dlvisisporltes enormls Pflug 1953
Thomson an?
lug,1953. Cretaceous - Eocene,Germany
Meyer,1956. Miocene,Germany
DeItoldospora sp.
Ames,1951. Upper Cretaceous,Colorado
Groot and Groot,1962. Paleocene,Maryland
Jones,1962. Lower Eocene,Arkansas

Lygodium species 3
Plate III, Figure 20
Description: Trilete, equatorial contour subtriangular,
with gently convex sides.

70- 90m .

Size range of two specimens,

Y-mark two-thirds to three-fourths the radius

of the spore, bordered on each side by a heavy, ribbonlike thickening, 1.5- 2m wide, becoming about 3m wide at
the ends where the marginal thickenings fork.
smooth to faintly textured,
thicker than nexlne.

2 -2

Exine

. 5m thick; sexine slightly

Specimen illustrated - Fig.20:13-17,

no. 9.
Discussion:

A very similar type is reported by Chandler

(1955), in which large smooth spores of 75-112m were
recovered from fertile sporangia of a specimen of the
Eocene macrofossil species Lygodium kaulfussl Heer.
Chandler compares these spores with those found by Halle
(1940) in similar fertile sporangia of an Eocene fossil
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Lysodium from S. Chile.

The spores, she says, are of

exactly similar appearance and comparable size, and the
two plants may be identical.
Large smooth spores of this general type have been
reported from the Upper Cretaceous through the Miocene
of western Europe.

Although most have been placed in

form species and not synonymized with Chandlers species,
it seems probable that some do represent L. kaulfussl.
In North America, similar large smooth spores with
prominent thickenings along the Y-mark have been placed
in Hymenophyllumsporltes deltolda Rouse 1957.
Occurrence: Very rare.

Two specimens were found in the

upper carbonaceous clay.
Distribution of similar forms:
Lygodium akottsbergll Halle 1940
lialie, 1^40. Eocene,Chile
Lygodium kaulfussl Heer
Chandler,f955. Eocene,England
Dlvlslsporltes maxlmus Pflug 1953
'rtiomson and Pflug,1953. Upper Oligocene,Germany
LaevlgatIsporltee herculeus Wey.& Krei. 1953
WeyLand and Kreiger,195^. Upper Cretaceous,Germany
Laevlgatlsporltes dorogensls Kedves 1960
Reaves,i960. Lower Eocene,Hungary
Leiotriletes grimdlosus Krutzsch 1959
Krutzsch,1959. Middle Eocene,Germany
Leiotriletes dorpgenfcls (Kedves 1960)Kedves 1961
Kedves ,196TT Lower Eocene,Hungary
Kedves,1962. Lower Eocene,Hungary
Trlpianosporlte8 sinuosus Pflug 1953
Thomson and Pflug ,1953 . Upper Cretaceous - Miocene,
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Germany
Mhrriger and Pflanzl,1955. Oilgocane,Germany
Trlplanosporitea slnomaxtmus Krutzsch 1962
Krutzsch,1962. Oligocene,Germany
Kunert and Lenk, 1964. Upper Cretaceous,Germany
Hymenophyilumaporlteg deltolda Rouse 1937
ftouse,lv57. UpperCretaceous,Alberta
Gerhard,1958. Paleocene,South Dakota
Stanley,1960. Paleocene,South Dakota
Psllatriletes so.
tfpsKaw, 1959. Upper Cretaceous,Wyoming

Anemia species 1
Plate III, Figures 21-24
Description:

Trilete, equatorial contour subspherical

to subtriangular, often tetrahedral.
flattened.

Spores sometimes

Size range (42) - 49-57 - (90)m .

Y-mark

one-half to three-fourths the length of the radius,
margins soemwhat thickened, some specimens having a
smooth, wide torus bordering the trilete scar.

Exine

canaliculate, mostly 1 . 5- 2m thick; equatorial contour
undulating to knobby; sculpturing formed of more or less
parallel muri, 1 ,5- 2m thick.

Canals between muri mostly

0 .5- 1m wide, varying in diameter with the undulating
muri.

45 specimens measured.

Specimens illustrated -

Fig. 21:ll-ll,no.12; Fig. 22:13- 3 ,no. 6 ; Fig. 23 :13- 6 ,no. 5 ;
Fig. 24:13- 6 ,no. 2.
Discussion:

After a study of morphological variation in

spores of the m o d e m species Anemia anthrisclfolia Schrad.,
Kedves (1961) determined that many fossil spores of Anemia
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type, varying from the typical subspherical to triangular,
through more or less tri-lobed forms, could be placed
together within the form species Cicatricosisporites
dorogensls R.Pot.fic Gell. 1933.

This form species he sub

divided on the basis of size, spores 40- 60m being placed
in sub-form species minor, and spores 60- 90m in sub-form
species major.

Within these two size classes are found,

according to Kedves, three morphological variants from the
basic trilete type: "aspectus" trlplanoid and form variety
triplan, both more or less tri-lobed, and form variety
torus. in which the Y-mark is bordered by a smooth, wide
area.
Thirty-nine of the 45 specimens studied here fall
within the 40-60 m range of C . dorogensls sub-fm. sp. minor,
and seven within the 60-90u range of sub-fm. sp. major.
Of theso 39 grains between 40-60m , 26 are of the typical
subspherical to triangular type, two of the triplanoidtype, seven of the triplan- and three of the torus-type.
The seven specimens within the 60-90u range include
four typical, no triplanoid. two triplan and one torus.
Since both size ranges and all morphological types
are represented throughout the lignite and the carbonaceous
clay, they are being placed together here in one species
of Anemia.

However, the possibility is recognized that

more than one species may be represented.
Spores have been recovered from fertile sporangia of
macrofossils of Anemia by Andrews and Pearsall (1941) and
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Chandler (1955).

In both cases, the spores are very

similar in size and ornamentation to the Wilcox type,
and to the widely distributed Anemia-like spores cited
in the accompanying section.

All show similarities to

the Wilcox Anemia, but represent, most probably, several
natural species.
Exine sculpturing of fossil and modern

3 pecies

of

Anemia and the geologic history of the genus are discussed
by Bolkhovitina (1959), who also figures spores of several
fossil and extant species (PI.9, fig.1-19).

A monograph

of the genus Anemia by Mickel (1962) also illustrates spores
of several extant species (PI.4, figs.A,D-P).
Macrofossils of

Anamia

are reported from eight local

ities in the Wilcox by Berry (1916,1930) and Ball (1931).
All were assigned to one species, Anemia eocenica Berry 1916 .
Occurrence:

Common only in the top section of the upper

clay; infrequent to rare in the remainder of the deposit.
Distribution of similar forms:
Anemia Fremontl Knowlton 1917 forma fertllls Andrews 1941
Andrews and Pearsall,1941. Upper Cretaceous,Wyoming
Anemia colweliensis Chandler 1955
Chandler,1$55. Eocene,England
Anemia sp.
dray,1960. Middle Eocene,Alabama
Jones,1961b. Lower Eocene,Arkansas
Clcatricosl-sporites dorogensls R.Pot.& Gell. 1933
Potonie ana Gelletlch,1933. Lower Eocene,Hungary
Pflug,1957. Upper Eocene - Lower Oligocene,Germany
Rouse,1957. Upper Cretaceous,Alberta
Clcatricoslsporites dorogensls R.Pot.& Gell. 1933
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Pflug,1952. Lower Eocene,Germany
Thomson and PC lag,1953. Upper Cretaceous - Oligocene,
Germany
Mttrriger and Pflanzl,1955. Oligocene,Germany
Couper,1958. Upper Cretaceous,England
(cf.)Upshaw,1959. Upper Cretaceous,Wyoming
Groot and Penny,1960. Lower Cretaceous,Maryland
Stanley.1960. Upper Cretaceous,South Dakota
Kedves,1960. Lower Eocene,Hungary
Kedve s ,1961. Lower Eocene,Hungary
Kedves.1962. Lower Eocene,Hungary
Jones,1962. Lower Eocene,Arkansas
Brenner,1963. Lower Cretaceous,Maryland
(cf.1Clarke,1963. Upper Cretaceous,Colorado
(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma
Norton,1963. Upper Cretaceous,Montana
Engelhardt.1964. Middle Eocene,Mississippi
Pocock, 1964. Lower Cretaceous,Saskatchewan
Sporites dorogensis (R.Pot.fit Gell. 1933)R.Pot. 1934
Potonie,1934. Riddle Eocene,Germany
Mohriol8porites dorogensis (R.Pot.fit Gell. 1933)Pot. 1951
Potonie,1^51b. Lower ffocene,Hungary
Cicatricosisporites hallel Del.& Spr. 1955
Delcourt iuid Sprumont,1955. Lower Cretaceous,Belgium
Brenner,1963. Lower Cretaceous,Maryland
Clcatricoslsporitas paradorogensis Kr. 1959
Krutzsch.1959. Middle fcocene,Germany
Stanley,i960. Paleocene,South Dakota
(cf.)Engelhardt,1964. Middle Eocene,Mississippi
Cicatricosisporites pseudotertiarius Kr. 1959
RrutzscK,1959 . Mi33T5“ Eocene,Germany
Cicatricosisporites clcatricosoldes Kr. 1959
Krutzsch,1959. Middle Eocene,Germany
Striatrlletes susannae van der Hammen 1956
van der rfammen,1956. Oligocene,Columbia
van der Hammen,1957. Oligocene - Lower Miocene,Columbia
Strlatriletes strlatus Pierce 1961
Pierce,f96l. Upper Cretaceous,Minnesota

Anemia(?) species 2
Plate IV, Figure 27
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Description:

Trilete, equatorial contour subtriangular

with rounded corners and slightly convex sides.
range 57-61m in diameter.

Size

Exine 3-4u thick, folded into

irregular curves and loops, producing an undulating
marginal contour.

Proximal and distal sides appear to

be similarly sculptured.

Three specimens measured.

Specimen illustrated - Fig.27:13-5,no.13.
Discussion:

Spores of the modern species Anemia

adlantifolla and Anemia clcutoria exhibit a similar
"corrugate'* exine pattern and are of similar size.
LyKodium has often been suggested for species of
Corrugatlsporltes from the German Tertiary.
Occurrence: Very rare.

Three specimens found in sample

13 of the upper clay.
Distribution of similar forms:
Sporltes solidus R.Pot. 1934
Potonle,1934. Middle Eocene,Germany
Corrugatlsporltes solidus (R.Pot. 1934)Th.& Pf. 1953 subsp.
multlvallatus Pf. 1953
Thomson and Pflug,1953. Miocene - Pliocene,Germany
Corrugatlsporltes sp.
Upshaw,1959. Upper Cretaceous,Oklahoma
Triletes hungaricus Nagy 1953
Nagy,19537 Lower Miocene,Hungary

POLYPODIACEAE
Pteris species 1
Plate IV, Figures 25,26
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Description:

Trilete, equatoriel contour subtriangular,

sides often convex.

Size range 54-71 p .

Y-mark reaches

the margin of the spore, furrow margins thickened and
warty.

Exine contour usually a smooth band 4-5ja wide;

distal surface of the spore covered with irregular, curved
thickenings about 4p wide; proximal surface granular to
warty.

11 specimens measured.

Specimens illustrated -

Fig.25:15-19,no.1; Fig.26:13-6,no.11.
Discussion: Lugardon, 1963 (PI.5, figs. a,b,l,2) illust
rates a m o d e m species, Pterls cretlca L., from the tropical
Mediterranean of France, which although smaller (42-52n),
is very similar to the Wilcox species in shape and orna
mentation of the proximal and distal faces.
A single specimen found by Jones (1961b) in the Wilcox
Saline Formation may represent the same species.

Similar,

but probably not identical, Pterls-like spores in the
German Tertiary lignites have been placed in the form
species Clngulatlsporltea marxheimensls and Polypodlaceolsporites potone1 .
Macrofossils of Pterls have been reported by Berry
(1916,1930) from five localities in the Wilcox.
Occurrence:

Rare.

Twelve specimens found in the upper

clay and in samples 9 and 12 of the lignite.
Distribution of slmllar forma:
Gymnogramma sp.
Jones,1961b. Lower Eocene,Arkansas
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Trirad.-sporltes marxhelmensIs Mttrr.& Pf. 1951
MfLrriger and Pflug,1951. Upper Oligocene,Germany
Cln^ulatlsporltes marxhelmensls (Mttrr.& Pf. 1951)Th.& Pf
Thomson and Pflug,1953. Upper Oligocene,Germany
Mttrriger and Pflanzl,1955. Oligocene,Germany
Kedves,1960. Lower Eocene,Hungary
Pg^rpodlaceolsporltes potonel (R.Pot.fit Gell. 1933)Kedves
Kedves,1961. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France

Polypodium species 1
Plate IV, Figures 31-33
Description:

Monolete, prolate in distal and proximal

views, slightly beanshaped in lateral view.

Size range

(28) - 31-41 - (43)m long by (21) - 23-31 - (34)m wide.
Furrow short, usually 15-20M long, slit-like, gaping
slightly in some specimens.

Exine faintly reticulate,

1.5-2m thick, slightly undulating along the equatorial
contour; sexlne twice the thickness of the nexine.
0.25n, lumina 1.5m .

17 specimens measured.

Muri

Specimens

illustrated - Fig.31:10-9,no.9; Fig.32:14-8,no.9; Fig.33:
10-9,no.12.
Discussion:

Spores of extant species of Polypodium are

generally similar (see Selling, 1946, PI.7, figs.158,159).
In the German Tertiary, Reticuloidosporites secundus has
a similar faint reticulate pattern, but is larger (40-90n).
Comparable forms have not been reported from North America.
Occurrence:

Present in very low numbers throughout most
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of the deposit.
Pistribution of similar forms:
Reticuloidosporites secundus (R.Pot. 1934)Th.& Pf. 1953
¥410018on and Pf lug, 1953. Miocene,Germany

GYMNOSPERMAE
CYCADACEAE
7 - a ik species

1

Plate VII, Figures 59,60
Description: Monocolpate, prolate, with slightly pointed
ends.

Size range 23-24ki long by 16-18p wide.

Furrow

extends almost entire length of the grain, often gaping
slightly at the poles and closed in the center; furrow
margins not thickened.
specimens measured.

Exine smooth, 0.5p thick.

Three

Specimens illustrated - Fig.59:CS19,

no.2; Fig.6 0 :CS25,no.7.
Discussion:

This cycad-like pollen, with the characteristic

tendency to gap at both ends, compares favorably with
pollen of the genus Zamia.

Zamia-like pollen has not been

reported previously from North America, although forms
that may represent other cycad types, or the closely
similar pollen of Ginkgo. are illustrated by Wilson and
Webster (1946), Saulnier (1950), Stanley (1960), Groot and
Penny (1960), Groot, Penny and Groot (1961), Hedlund (1963)
and Norton (1963).
Well preserved fronds of characteristic Zamia type
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were reported by Berry (1917) in the lower section of the
Hatchetigbee Formation at Meridian, Mississippi.

Foliage

of Zamia has been found in only four of the 132 Wilcox
macrofossil localities.

Three species have been described,

two of which are said to approach foliage types found in
Z. floridana DeCandolle and Z. pumila L., the existing
Florida species.
Occurrence:

Infrequent in the upper clay, mostly infreq

uent to absent in the lower clay and the lignite.

PINACEAE
Pinus species

1

Plate VII, Figures 54a,b,c
Description: Bisaccate, monocolpate pollen of the Plnus
haploxvlon type, with bladders broadly attached, not widely
separated and generally less than a hemisphere in shape.
Body height in proximal view usually greater than body
width.

Dimensions in proximal view:

overall length 55-64p;

body width 36-44p, body height 41-45p; bladder width 28-31p,
bladder height 35-45p.

Exine 2-3p thick, body of grain

finely granular; bladders reticulate with irregular lumina
up to 2.5p.

Six specimens measured.

Specimen illustrated -

Fig.54a,b,c:CS32,no.5.
Discussion:

Pollen of Pinus haploxylon - type is wide

spread from the Cretaceous to the Pliocene in western Europe
(see Thomson and Pflug, 1953), and similar forms have been
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reported from several areas In Nortn America,

Only reports

considered most pertinent to this study are listed under
'*slmi lar forms,f,
Occurrence: Very rare.

Six specimens were found in the

channel sample of the lignite and in the upper and lower
clay.
Distribution of similar forms:
Pinus balieyana Traverse 1955
Traverse,1955. Oligocene,Vermont
Pinus haploxylon-typus Rudolph
Rouse,1957, Upper Cretaceous,Alberta
Gray,1960. Middle Eocene,Alabama
Pollenltes microalatus (R.Pot. 1931)R.Pot. 1934
Potonie,19 34. Middle Eocene,Germany
Potonie and Venltz,1934. Miocene,Germany
Abietinealpollenites microalatus (R.Pot. 1934)R.Pot. 1951
Norton,1963. Upper Cretaceous - Paleocene,Montana
(cf.)Engelhardt,1964. Middle Eocene,Mississippi
Pltyosporltes microalatus (R.Pot. 1934)Th.& Pf. 1953
Thomson and-ffTug,f^53. Upper Cretaceous - Pliocene,
Germany

Pinus species 2
Plate VII, Figure 55
Description:

Bisaccate, monocolpate pollen of the Pinus

sylvestris type, with bladders somewhat constricted at the
base, more widely separated and usually exceeding a hemi
sphere in shape.

Body width in proximal view usually

greater than body height.

Dimensions in proximal view:

overall length 58—75n ; body width 37-55m , body height 33—45t-i;
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bladder width 27-35m , bladder height 37-40m .
thick, body of grain finely granular.
with irregular lumlna up to 2.5m .

Exine 1.5p

Bladders reticulate,

Three specimens measured.

Specimen illustrated - Fig.55:14-8,no.4.
Discussion:

Pollen of Pinus sylvestris - type

the Eocene - Pliocene in

occurs from

the Tertiary lignites of Europe.

Pinus was reported in the Eocene of Louisiana by C. A. Brown
(1954).

Jones (1961a,1961b,1962) reported Pinus in the

Wilcox of Arkansas and Gray (1960) found pine pollen of
both sylvestris and haploxylon types in the Claiborne of
Alabama.

Only a few of the many reports of Pinus-like

pollen are listed in the accompanying section.
Occurrence: Very rare.

Three specimens found in the

lower

and upper clay, and in the channel sample of the lignite.
Distribution of similar forms:
Pinus bankslana Lamb.
Trotter,1963. Paleocene,couth Dakota
Pinus sylyestris - type
Gray,19 60. RTddle Eocene,Alabama
Jones,1961b. Lower Eocene,Arkansas
Pltyosporltes labdacus (R.Pot. 1934)Th.6c Pf. 1953
Thomson and t t lug,1953. Eocene - Pliocene,Germany
Plnuspollenltes labdacus (R.Pot. 1934)
Jones,1962. Lower fiocene,Arkansas

TAXODIACEAE
Taxodlum species 1
Plate VII, Figures 56-58
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Description:

Monoporate, the germ pore consisting of a

short, straight papilla 2p high.

Prolate spheroidal,

most grains split wide, with papilla visible on only a
few.

Size range (21) - 23-32 - (42) P in diameter.

lM thick, smooth to finely granular.

Exine

27 specimens measured.

Specimens illustrated - Fig.56:12-10,no.1; Fig.57:6-5,no.5;
Fig.58:14-19,no.7.
Discussion:
Glyptostrobus

Pollen similar to that of Taxodium and
has been widely reported from Cretaceous

and Tertiary deposits in Europe and America.

It was

reported in the Wilcox of Arkansas by Jones (1961b) and
was found in the Claiborne by Gray (1960) and Engelhardt
(1964).

C. A. Brown (1938) found taxodlaceous pollen in

a lignite of Oligocene age from Louisiana.
According to Ueno (1951), pollen of m o d e m Taxodium
is 27-32n in diameter, with oxily a low protuberance for
a papilla, while Glyptostrobus pollen is 29-31u and has
a short, straight or slightly bent, papilla.
a thin, flecked exine.

Both have

In dealing with fossil grains,

considerable difficulty is encountered in attempting to
distinguish the two, as illustrated by the extensive use
of form genera in the accompanying section.

All taxod-

iaceous pollen has been placed here in the genus Taxodium.
although the assemblage may actually represent both genera.
The presence of Taxodium In the Wilcox is established
by macrofossils of typical seeds and foliage.

Taxodium

remains are known from seven localities, according to
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Berry (1930) and Ball (1931).
Glyptostrobus is reported from nine localities of the
Wilcox on the basis of typical terete twigs with appressed
leaves, and by seeds.

No cones of Glyptostrobus have been

found (Berry, 1916,1930).
Occurrence:

Present in small numbers in the lower clay,

and in the top sample of the upper clay.

Absent in most

of the lignite.
Distribution of similar forms:
Taxodium dlstichtxn Rich.
Macko,T057. Lower Miocene ,Poland
Macko,1959. Miocene,Poland
Macko,1961. Eocene,England
Taxodium hlatipltes Wodehouse 1933
Wodehouse,1933. Middle Eocene,Wyoming
Wilson and Webster,1946. Paleocene,Montana
Saulnler,1950. Paleoccoa^^Montana
Rouse,1957. Upper Cretaceous,Alberta
Rouse,1962. Middle Eocene,British Columbia
Taxodium cornutum Martynova 1960 (in Pok.& Stel.,1960)
Pokrovskaya and Stel'mak,1960. Eocene,U.S.S.R.
Taxodium dlstlchlforme Simpson 1961
Simpson,1961. Oligocene - Miocene,Scotland
Taxodium sp.
kuprianova,1960. Paleocene,New Siberian Islands
Jones,1961b, Lower Eocene,Arkansas
Pollenltes hiatus R.Potonie 1931
Potonie,l93la. Oligocene - Miocene,Germany
Potonie,1934. Middle Eocene,Germany
Potonie and Venltz,1934. Miocene,Germany
Taxodieae-Pollenltes hiatus (R.Pot. 1931)Thier. 1940
fhlergart,1940. Eocene - Miocene,Germany
Gerhard,1958. Paleocene,South Dakota
Taxlolpollenltes hiatus (R.Pot. 1931)R.Pot. 1934
Potonie,1951b. Miocene,Germany

50
Taxod1aceaspp1 1 enit e s hiatus (R.Pot. 1931)Kremp 1949
kremp, 19&9. Miocene,Germany
Stanley.1960. Upper Cretaceous - Paleocene,South Dakota
Jones,1962. Paleocene - Lower Eocene,Arkansas
(cf.)Hedlund,1963. Upper Cretaceous.Oklahoma
Norton,1963. Upper Cretaceous - Paleocene,Montana
Engelhardt,1964. Middle Eocene,Mississippi
Inaperturo-pollenltes hiatus (R.Pot. 1931)MUrr.& Pf. 1952
MHriH.ger and «Lug,1955: Upper Oligocene,Germany
Inaperturopollenltes hiatus (R.Pot. 1931)Th.& Pf. 1953
Thomson and Pflug,1953. Eocene - Pliocene,Germany
Meyer,1956. Miocene Germany
Groot and Penny,1960. Lower Cretaceous.Maryland
Kedves,1960. Lower Eocene,Hungary
Kedves,1961. Lower Eocene.Hungary
Kedves,1962. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France

ANGIOSPERMAE
MONOCOTYLEDONAE
PALMAE
Sabal species 1
Plate VII, Figures 62a,b; 63
Description: Monocolpate, prolate, ends often pointed.
Size range (24) - 26-35 - (40) m long by (14) - 16-23 - (25) m
wide.

Furrow extends entire length of grain, usually closed

or only slightly gaping, a slight marginal thickening
evident on most specimens.

Exine reticulate (retlpilate),

0.75- 1 m thick; sexine composed of short, closely spaced
pila; muri 0.25 m , lumina 0.5 m ;

0

-L.

25 specimens measured.

Specimens illustrated - Fig.62a,b:CS25,no.4; Fig.6 3:8-4,no.1.
Discussion:

Sabal-llke pollen occurs widely in the Early

Tertiary lignites of Europe.

This is the first pollen
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record of Sabal from Che Wilcox, although Sabal-like
leaves were reported from 40 localities by Berry (1916,
1930).

The large leaves appear to have cocne from an

arborescent form, according to Berry, and are said to
resemble Sabal palmetto more closely than any other
living species.
Occurrence:

Present in small numbers throughout most of

the deposit.
Distribution of similar forms:
Sabal palmetto
Racko,1957.
Macko,1959.
Macko,1961.

Lodd.
Lower Miocene,Poland
Miocene,Poland
Eocene, England

Sabal glabraeformis Sami gullna 1960 (in Pok.6t Stel. 1960)
Pokrovskaya and Stel'mak, 1960. Paleocene,U.S .S .R.
Sabal granopollenltes Rouse 1962
Rouse,1962. kiddle Eocene,British Columbia
(7)Serenoa serrulate (Michx.)Hook.
trotter,
Paleocene,South Dakota
Pollenltes areolatus R.Pot. 1934
Potonie,1934. Middle Eocene,Germany
Sabaloldltes areolatus (R.Pot. 1934)Thomson 1950
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Sabalolpollenltes areolatus (R.Pot. 1934)R.Pot. 1951
Potonie, 1951a. fiooene “ Oligocene,Germany
Potonie,1951b. Eocene - Oligocene,Germany
Monocolpo-pollenltes areolatus (R.Pot. 1934)Meyer 1956
Meyer,1956. Miocene,Germany
Pflug,1952. Middle Eocene,Germany
Monocolpopollenltes areolatus (R.Pot. 1934)Th.& Pf. 1953
Thomson and Pf lug, 1953. Eocene - Miocene, Germany
Kedves,1960. Lower Eocene,Hungary
Kedves,1961. Lower Eocene,Hungary
Kedves,1962. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France
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Sabalpollenltes convexus Thier. 1938
Thlers*rt,l938. fertiary,Germany
(cf.)Engelhardt,1964. Middle Eocene,Mississippi
SabalpolIonites sp.
Clarke,1963. Upper Cretaceous,Colorado
(Numbered only)
Norem,1955. Upper Eocene,Venezuela

DICOTYLEDONAE
SAL1CACEAE
Sallx species 1
Plate XI, Figures 102a,b; 103a,b
Description:

Trlcolpate, prolate In equatorial view.

Size range 23-28 m long by 13-16 m wide.

Furrows extend

nearly the entire length of the grain, thickened along
the margins.

Exine reticulate (retlpilate), 1-1.5 m thick;

sexine composed of pila with rounded tips.

Muri heavy,

0.75-Im thick; lumina irregular, mostly 1-1.5m long, 0.75-

lM wide, smaller at the polar than at equatorial areas;
0-L.

Four specimens measured.

Specimens illustrated -

Fig.102a,b:CS52,no.8; Fig.103a,b:CS38,no.6.
Discussion:

Sallx is previously unreported In the Wilcox,

either as microfossils or macrofosslls.

The presence of

the genus in the region was previously indicated by Sallxlike leaves in the Upper Cretaceous Ripley flora of west
Tennessee (Berry,1925).
Occurrence;

Present in very small numbers In the channel

sample of the lignite and in the upper clay.
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Distribution of similar forms:
Sallx albaeformls Agranovs kaj a 1960 (in Pok.6t Stel. 1960)
Pokrovskaya and Stel'mak,1960. Upper Cretaceous,U.S.S ,R.
Retltrlcolpltes georgansis Brenner 1963
Brenner,1963. Lower Cretaceous,Maryland
Tricolplteg sp.
Engelhardt,1964. Middle Eocene,Mississippi

MYRICACEAE
Myrica species 1
Plate IX, Figure 69
Description: Triporate, contour broadly triangular in
polar view, with slightly Convex sides.
in diameter.

Size range 20-24m

Pores 0.75-1 m wide, rounded.

granular, tegillate, 2m thick.

Exine finely

Sexlne 1.5 m ; ectosexine

curving inward at the pores, endosexinous rods present
but not conspicuous.

Nexine 0.5 m thick, separating from

the sexine about 5m from the pore and forming a deep,
well-defined atrium.

Two specimens measured.

Specimen

illustrated - Fig.69:ll-17,no.5.
Discussion:

Several forms of Myrica-like pollen have

been reported from the Tertiary lignites of Europe.

Of

these, Trlatrlopollenltes rurensis appears most similar
to this species.

Jones (1962) reports a probably identical

type from the Paleocene of Arkansas.
Myrica-like leaves are reported from 15 Wilcox
localities by Berry (1916,1930) and Ball (1931,1939).
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Occurrence:

Present In very small nanbers in the lignite

and upper clay.
Distribution of similar forms:
Triatrlopo1lenltes rurensls Pflug and Thomson 1953
ftomaon and P i lug ,1^3. Cretaceous - Miocene,Germany
Triatriopollenltes sp.
Jones,1962. Paleocene,Arkansas

Myrica species 2
Plate IX, Figure 70
Description: Trlporate, contour of grain subspherical,
with prominent aspides 8-9 m wide at base and 4 m high.
Size of single specimen, 24 x 25m in diameter.

Exine

tegillate, granular, 2m thick; sexine 1.5 m , endosexine
producing a fringed "tarsus" pattern at the pore; nexine
about 0.5 m thick, pulled slightly away from the sexine on
single specimen.
Discussion:

Specimen illustrated - Fig.70:14-7,no.6.

A similar pollen type is Illustrated by

Pflanzl (1956) from the Early Tertiary of Germany.
This species appears to represent Myrica. but is
distinctly different from species 1.

Seven species of

Myrica were reported from the macrofossil record of the
Wilcox by Berry (1916,1930) and Ball (1931,1939).
Occurrence: Very rare.

One specimen found in the upper

carbonaceous clay.
Distribution of similar forms:
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Trillstlbulopollenltes petrll Pflanzl 1956
Pflanzl,1956. Early Tertiary,Germany

JUGLANDACEAE
Carya species 1
Plate IX, Figures 71,72
Description:

Trlporate, contour round-triangular in polar

view, with convex sides.
28—33|a in diameter.

Size range of four specimens,

Pores round, 2m wide, tending to lie

within the same hemisphere.
granular,

1m

Exine smooth to very finely

thick; ectosexine and endosexine of similar

thickness, nexlne a very thin, inconspicuous layer ending
4-6m from the pore.

Specimens illustrated - Fig.71:7-4,

no.12; Fig.72:7-10,no.3.
Discussion:

Studies of pollen size in Carya have been

conducted by Whitehead (1963) and Stone (1963).

Stone

reports that pollen of North American species of Carya
falls within three size classes, according to mean diameter:
42 m , 44 m and 47-52m.

Three Asiatic species have pollen

closer to 32 m , 35 m and 38 m .

Stone further mentions that

species with pollen over 46 m are usually found to be
tetraploids, while species with pollen smaller than 46 m
are usually diploids.

It is interesting to note that in

Carya pollen from the Early Tertiary, the reported size
range most often falls between 24-38 m .
Leaves of Carya (reported as Hicorla) were found in
ten Wilcox localities by Berry (1916,1930) and Ball (1931).
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Occurrence:

Very rare.

The few specimens found came

from the carbonaceous clay above and below the lignite.
Pistribution of similar forms:
Carya alba L.
Macko,T957. Lower Miocene,Poland
Macko,1959. Miocene,Poland
Macko,1961. Eocene,England
Hicorla vlrldl-flumlnlpitas Wodehouse 1933
Wodehouse,1933. Midale Eocene,Wyoming
Carya viridl-fluminipites (Wodeh. 1933)Wil.& Web. 1946
Wilson and Webster,1946. Paleocene,Montana
Radforth and Rouse,1954. Upper Cretaceous,Alberta
Carya spackmania Traverse 1955
Traverse,1955. Oligocene,Vermont
Carya punctata Martynova 1960 (in Pok.& Stel. 1960)
Pokrovskaya and Stel*mak,1960. Upper Paleocene,U.S.S.R.
Carya sp.
Thiergart,1940. Paleocene,Miocene,Pliocene,Germany
Kremp,1949. Miocene,Germany
McLaughlin,1957. Upper Cretaceous,Tennessee
Gray,1960. Middle Eocene,Alabama
Jones,1961b. Paleocene - Lower Eocene.Arkansas
Manum,1962. Paleocene - Eocene,Spitzsbergoa
Gray,1964. Oligocene - Pliocene,northwestern United
States
Pollenltes simplex R. Potonie 1931
Potonie,193ia. Oligocene - Miocene,Germany
Carya?-pollenltes simplex (R.Pot. 1931)R.Pot.fit Ven. 1934
Potonie and Venitz,1934. Miocene,Germany
Caryapollenites simplex (R.Pot. 1931)Raatz 1937
Raatz.1937. Miocene,Germany
Saulnier,1950. Paleocene,Montana
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Potonie,1951b. Miocene,Germany
Gerhard,1958. Paleocene,South Dakota
Lenk.1961. Paleocene,Germany
(cf.)Engelhardt,1964. Middle Eocene,Mississippi
Caryapollenites sp.
Jones,1962. Lower Eocene,Arkansas
Clarke,1963. Upper Cretaceous,Colorado
Groot and Groot,1964. Reworked Eocene,Massachusetts
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Triporo-pollenltes simplex (R.Pot.6c Ven. 1934)Mflrr.6c Pf.1952
Mfarriger and Pf lug, 1*152. Upper Oligocene,Germany
Subtrlporopollenltes simplex (R.Pot.6c Ven. 1934)Th.6c Pf.1953
fhomson and Pflug,1953. Middle Eocene,Germany
Meyer,1956. Miocene,Germany

Engelhardtia species 1
Plate IX, Figures 75,76
Description:

Triporate and tetraporate, equatorial contour

triangular to asymmetrically square in polar view.
range of three specimens, 26-30P in diameter.
2.5p wide.

Size

Pores 1.5-

Thin granular nexine curves beneath each pore,

forming an atrium 9-lip across and 4-5p deep.

Exine very

finely and faintly reticulate, lp thick; sexine thicker
than nexine; nexine ends 4-6p from the pore along each side.
Specimens illustrated - Fig.75:CS34,no.3; Fig.76 :CS7,no.3.
Discussion:

This type has been referred to Engelhardtia

on the basis of the broad atrium and other exine features,
although it is larger than most modern species of the genus.
Although pollen of Engelhardtla has been reported by
several workers, none appear to represent this particular
species.
The presence of Engelhardtia in the Wilcox is supported
by macrofossils, which include both the characteristic
winged fruits and leaf Impressions.

Three species have

been described from 18 localities (Berry, 1916,1930).
Occurrence:

Very rare.

Found only in the lower clay and
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In the top of the lignite.

Platycarya species 1
Plate IX, Figures 73,74
Description:

Triporate, triangular to rounded-triangular

in polar view, with convex sides.
(27)m in diameter.
deep.

Size range (16) - 19-21 -

Pores slit-like, 1-1.5 m wide, 1.5-2P

Exine smooth to finely granular, lp thick; sexine

and nexine of equal thickness.

Most grains have a faint

but wide (4-5p) internal Y-shaped band stretching between
the pores.

58 specimens measured.

Specimens illustrated -

Fig.73:6-10,no.4; Fig.74:14-11,no.3.
Discussion:

The arcus-like thickenings of the exine which

cris-cross the grains of m o d e m species of Platycarya may
be represented on many fossil specimens by the Y-shaped
band between the pores.

Although m o d e m Engelhard1 1a is

very similar in shape and size, its nexine plainly ends
some distance from the pore area, and a prominent atrium
is present.

Pollen of this type has often been referred

to the genus Engelhardtia.
Occurrence:

Common to infrequent throughout most of the

deposit.
Distribution of similar forms:
Platycarya strobllacea Sleb.A Zucc.
Macko, T 9 5 T . Miocene,Poland
Macko,1961. Eocene,England
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Playtcarya sp.
McLaughlin,1957. Upper Cretaceous,Tennessee
Kuprianova,1960. Paleocene,U.S.S.R.
Davis,1964. Rebedded Eocene,Massachusetts
Engelhardt,1964. Middle Eocene,Mississippi
Engelhardtia trlletlpollenltes Rouse 1957
Rouse,1957, Upper Cretaceous,Alberta
Engelhardtla sp.
Thiergart,1940. Eocene - Oligocene,Germany
Pollenltes coryphaeus forma punctatus R. Potonie 1931
Potonie,l93lb. Miocene,Germany
Potonie,1951a. Middle Eocene,Germany
Potonie,1951b. Middle Eocene,Germany
En^elhardtloldltes(7) coryphaeus punctatus (R.Pot. 1931)Thom.
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Engelhardtloipollenltes punctatus (R.Pot. 1931)R.Pot. 1951
Potonie,195lb. Miocene,Germany
Trlporo-pollenltes coryphaeus subsp. punctatus (R.Pot. 1931)
Mtirr.i ’F t . 1952
Mttrriger and Pflug,1952. Upper Oligocene,Germany
Trlatriopollenltes coryphaeus (R.Pot. 1931)Th.& Pf. 1953
subsp. punctatus R.Pot. l93l
Pflug,i9i2. Upper Eocene,Germany
Thomson and Pflug,1953. Upper Cretaceous - Miocene,
Germany
Meyer,1956. Miocene,Germany
Pflanzl,1956. Oligocene,Germany
Pflug,1957. Oligocene,Germany
Kedves,1962. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France
(cf.)Engelhardt,1964. Middle Eocene,Mississippi
Trlatriopollenltes marylandlcus Groot & Groot 1962
Groot and (Sroot, l9bz. Paleocene,Maryland
Trlatriopollenltes sp.
Kunert and Lenk, 1964. Upper Cretaceous,Germany
Momipltes coryloides Wodehouse 1933
Wodehouse,1933. Middle Eocene,Wyoming
Wilson 4id Webster,1946. Paleocene,Montana
Saulnier.1950. Paleocene,Montana
Gerhard,1958. Paleocene,South Dakota
Stanley,1960. Paleocene,South Dakota
Jones,1962. Paleocene - Lower Edcene,Arkansas
Engelhardt,1964. Middle Eocene,Mississippi
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Mpwlpltes tenulpol,u9 Anderson 1960
Anderson,i960. Paleocene,New Mexico

BETULACEAE
Corylus species 1
Plate IX, Figures 77,78
Description:

Triporate, rarely tetraporate; triangular to

rounded-triangular in polar view, sides convex; moderately
to prominently aspidote, with all three pores on the equator.
Size range (24) - 25-37 - (59) m in diameter.

Pores oval,

mostly 1.5-2m wide, up to 5 m in largest specimens.
finely granular, tegillate,

2-2

Exine

.5m thick; ectosexine

1m

thick, curving inward at the pores; endosexine composed of
closely spaced rods 0.5 m high between the pores, lengthening
to

1m

ance.

in the pore region and producing a "fringed" appear
Nexine 0.25 m thick.

156 specimens measured.

Specimens illustrated - Fig.77:CS54,no.1; Fig.78:14-12,no.3.
Discussion:

The "mitten" shaped appearance of the pore

region, produced by the incurved ectosexine and the endosexinous rods beneath, is quite distinctive of this type.
Pollen of m o d e m species of Corylus appear to have this
character in a reduced form.

Corylus aveliana L., as

illustrated in Erdtman, Berglund and Praglowski, 1961 (PI.7,
figs.1,2), is a good example.

A similar "fringed" appear

ance Is found in some species of Casurina (see C. glauca
Sieber, in Praglowski, 1962, PI.12, fig.4), but the relat
ionship of these fossil grains to Casurina seems unlikely.
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Corylus species 1 appears identical to Triporopollenltes
robustus Pf., from the Early Tertiary of Europe, for which
Thomson and Pflug (1953) suggested a relationship within
the Betulaceae.

However, the recovery of "robustus"-like

pollen from an Upper Oligocene fossil flower of Ulmaceous
type by Weyland, Pflug and Jdhnichen (1958) has cast doubt
upon this original interpretation.

The flower cannot be

placed in a modern genus, but is considered to be a member
of the Ulmaceae.

The pollen is unlike that of any extant

genus of the Ulmaceae, but is considered closer to Celtis
than to any other.

The flower and pollen have been placed

in the organ genus Celtoidanthus pseudorobustus Wey., Pf.
and JUhn. 1958.

The authors do not consider the pollen of

C. pseudorobus tus identical to Triporopollenltes robustus,
but seem to feel that a close relationship exists between
the two.
Although the original idea of a betulaceous affinity
is retained in this work, the interpretation should probably
be considered open to question.
Occurrence:

Present throughout the deposit, although

most abundant in the upper half of the lignite and the
upper clay.

Corylus reaches a frequency of 25% in sample

12 of the lignite and sample 13 of the clay.
Distribution of similar forms:
Corylus americana Walt.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Trotter,1963. Paleocene,South Dakota
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Corylus californlca Rose
Macko, 1^5^. htiocene,Poland
Corylus cornuta Marsh
M a c k o M i o c e n e ,Poland
Pollenltes granifor robustus Mttrr.fit Pf. 1951
Mttrrigerand Pi?lug, 1951. Upper Eocene,Germany
Triporopollenltes robustus Pf. 1953 (in Th.& Pf. 1953)
Pi?lug,1952. Eocene.Germany
Thomson and Pflug,1953. Paleocene - Eocene,Germany
Pflug,1953. Paleocene - Eocene,Germany
Cavagnetto,1964. Lower Eocene,France
Kunert and Lenk, 1964. Upper Cretaceous,Germany
Triporopollenltes sp.
Groot," Penny and Groot, 1961. Upper Cretaceous,Maryland

Qstrya species

1

Plate IX, Figure 79
Description:

Triporate, body of grain spherical in polar

view, with gently aspidote pores.
specimens, 22-32 m in diameter.
slightly oval.

Size range of five

Pores 1.5m wide, round to

Exine finely granular, tegillate, 1-1.5 m

thick; sexine thicker than nexine.
at the pore margin.

Sexine curves in slightly

Small vestibulum present.

Specimen

illustrated - Fig.79:CS41,no.1.
Discussion:

The few specimens found compare favorably with

grains of the modern Qstrya virgin!ana (Mill.)K. Koch.
Qstrya has not been reported previously in the Wilcox.
Gray (1960) listed pollen of Ostrya-Carpinus type from the
Claiborne of Alabama.
Distribution of similar forms:
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Ostry* Virginians (MILL.)K. Koch
rfactoo,1957. fiTocene,Poland
Macko,1959. Miocene,Poland
Qstrya virglnlcaeformls Agranovskaya 1960 (In Pok.& Stel.1960)
Pokrovskaya and Stel'mak,1960. Upper Paleocene,U.S.S.R.
Os trya- Carplnus type
Gray,1960. Middle Eocene,Alabama
Gray,1964. Oligocene - Miocene,northwestern United States
Ostrya7-pollenltes granifer (Pot. 1931) form rhenanus Thom.
Potonie, Thomson and Thiergart,1950. Oligocene - Miocene,
Germany
Trlporo-pollenltes granifer (Pot. 1931) subsp. rhenanus Th.
M&rriger and Pflug,19577 Oligocene,Germany
Triporopollenltes rhenanus Thom. 1953
Thomson and Pflug,1953. Eocene - Miocene,Germany

Carplnus species 1
Plate IX, Figures 80,81
Description:

Triporate to pentaporate, contour of triporate

specimens round-triangular in polar view; sides convex and
poral areas slightly aspidote in both three- and five-pored
types.

Size range of three specimens, 24-36m in diameter.

Pores 1-2.5m wide, varying with grain size.

Exine smooth

to finely granular, 0.75 m thick; sexine and nexine of
similar thickness.
each pore.

A faintly granular area curves beneath

Specimens illustrated - Fig.80:6-10,no.1; Fig.

81:13-1,no.1.
Discussion:

Carplnus was first reported from the Wilcox

by Jones (1961b).

A specimen illustrated by Engelhardt

(1964, PI.4, fig.42) from the Claiborne of Mississippi is
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very similar to Carplnus species 1.
Occurrence: Very rare.

Three specimens found in the

lower and upper clay.
Distribution of similar forms:
Carplnus americana
rcT77*r«5p7T9f59. Miocene,Germany
Carplnus carollniana Walt.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Macko,1961. Eocene,England
Carplnus laponlca Blume
Macko,l95/. Miocene,Poland
Macko,1959. Miocene,Poland
Carplnus orientalis Mill.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Carplnus anclpltes Wodehouse 1933
Wodehouse.1933. Middle Eocene,Wyoming
Saulnler.1950. Paleocene,Montana
Stanley,I960. Paleocene,South Dakota
Carplnus japonicaef o*""1*s Agranovskaya 1960 (in Pok.& Stel.)
Pokrovskaya and Stel'mak,1960. Paleocene,U.S.S. R.
Carplnus sp.
Thiergart,1940. Oligocene - Pliocene,Germany
Potonie, Thomson and Thiergart,1950. Pliocene,Germany
Jones,1961b. Lower Eocene,Arkansas
Carpinus-Ostrya type
Gray,19 60. Middle Eocene,Alabama
Gray,1964. Oligocene - Miocene,northwestern United States
Stephanopor.-pollenltes carplnoldes Pf.
Mttrriger and Piflug,1952. Oligocene,Germany
Polvporopollenltes carplnoldes Pf. 1953
Tnocnson and Pflug,1953. oligocene - PLiocene,Germany
Meyer,1956. Miocene,Germany
Betulaceoipollenites bituitus (Pot. 1931)Pot. 1951
(c£.')£ngeliiardt,1964." Midale Eocene,Mississippi
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Betula species 1
Plate IX, Figure 8?
Description:

Triporate, subspherlcal In polar view; poral

areas prominently aspidote, extending about 3p above the
circumference of the grain, generally 7-9p broad at the
base.

Size range (22) - 23-26 - (29)p in diameter.

Pore

opening round to slightly oval, 1.5p In diameter, with
annulus.
nexine.

Vestibulum deep, 1.5-2P between ectosexine and
Exine finely granular, tegillate, 1.5p thick;

ectosexine 0.75-lp at pore margins, curving slightly
inward; endosexlnous rods lp long can be seen in well
preserved specimens.
the vestibulum.

Nexine 0.5p, slightly thickened at

14 specimens measured.

Specimen illust

rated - Fig.82:14-19,no.13,
Discussion:

This species is distinguished by the very

prominently raised poral areas and generally rounded body.
Although slightly smaller, it resembles most closely the
pollen of Betula lutea Mich.

Photographs of B. lutea in

Macko, 1957 (PI.45, fig.18) and Macko, 1959 (PI.22, fig.l)
are particularly similar.
Betula was added to the macrofossil record of the
Wilcox by R. Brown (1946) from a Lower Wilcox locality in
Chester County, Tennessee.

Brown indicates that, except

for a rounded base, the fossil species resembles B. lutea.
Pollen analysis of a lignite deposit in west Tennessee by
McLaughlin (1957) has yielded Betula pollen of the lutea
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type.
Occurrence:

Present in very small numbers In most of the

lignite and in the upper clay.
Distribution of similar forms:
Betula lutea Mich.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Betula sp.
Gray,1960. Middle Eocene,Alabama
Gray,1964. Oligocene - Pliocene,northwestern United
States
11Garplnus -Os trya "

type
McLaughlin,1957. Upper Cretaceous,Tennessee

Trlvestlbulopollanltes prominens Pf. 1953
Thomson and Pflug,1953. Eocene,Germany

Betula species 2
Plate IX, Figure 83
Description:

Triporate, contour rounded-triangular in

polar view, with convex sides; less aspidote than species
1.

Size range 20-26 m in diameter.

Pore opening round to

slightly oval, Ip in diameter, with annulus.
shallow.

Vestibulum

Exine finely granular, tegillate, 1.5 m thick;

sexine 1 m , nexine 0.5 m .

Ectosexine 0.75-1m thick at pore

margins, curving gently inward.
at the vestibulum.

12

Nexine slightly thickened

specimens measured.

Specimen

illustrated - Fig.83:12-29,no.4.
Discussion:

Several m o d e m species of Betula have pollen

with size range and general appearance similar to Betula
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species 2.

Betula lenta L., however, appears to be one

of the closest forms.
Betula clarlpltes Wodeh. 1933, a fossil species from
the Green River Formation of Wyoming, is also said to
resemble Betula lenta.
Occurrence:

Present in very small numbers in three of

the lignite samples, and in the uppermost sample of both
the upper and lower clay.
Distribution of similar forms:
Betula lenta L.
Macko,1957. Miocene,Poland
Betula nigra L.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Betula popullfolia Marsh
Macko,195^. Miocene,Poland
Betula pumlla L.
rtacko,1959. Miocene,Poland
Betula clarlpltes Wodehouse 1933
Wodehouse'1933. Middle Eocene,Wyoming
Saulnler,1950. Paleocene,Montana
Radforth and Rouse,1954. Upper Cretaceous,Alberta
Gerhard,1958. Paleocene,South Dakota
Betula costataeformls Agranovskaya 1960 (In Pok.fic Stel.1960)
Pokrovskaya and Stel'mak,1960. Paleocene,U.S.S.R.
Betula sp.
(cf.)McLaughlln,1957. Upper Cretaceous,Tennessee
Kuprlanova,1960. Paleocene,New Siberian Islands
Gray,1960. Middle Eocene,Alabama
Jones.1961b. Paleocene - Lower Eocene,Arkansas
Gray,1964. Ollgocene - Miocene,northwestern United States
Trivestlbulopollenltes betuloldes Pf. 1953
fhomaon and Pflug,1953. Otigocene - Pliocene,Germany
Trlatriopollenites convexus Groot fit Groot 1962
Groot arid Glroot,IQ6 ?. Paleocene,Maryland
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FAGAGEAE
Castanea species 1
Plate XIII, Figures 121a,b
Description:Tricolporate, prolate in equatorial view.
Size range 13-17p long by 7-12m wide.

Furrows long and

narrow, with prominent marginal thickenings.
ontal, narrowly elliptical, up to
Exine smooth, 0.75p thick.

2m

Pores horiz

wide and lp high.

13 specimens measured.

Specimen illustrated - Fig.121a,b:11-16,no.11.
Discussion:

Pollen of the modern species Castanea pumlla

Kill, exhibits the same prominent furrow margins and
transverse pores as the Wilcox Castanea.

Pollen of a

very similar type has been reported by Engelhardt (1964)
from the Claiborne of Mississippi.
Macrofossils of Dryophyllum moorl (Lesquereux)Berry,
reported from three localities in the Wilcox by Berry
(1916,1930), represent Castanea. according to R. Brown
(1962).

Brown lists Dryophy1lum moorl as a synonym of

Castanea intermedia Lesquereux.

Another macrofossil species,

Castanea claibornensls Berry, has been found In the Middle
and Upper Eocene of Georgia (Berry, 1914,1924).
Occurrence:

Abundant in the upper half of the lignite,

where its frequency is 10-20%.
rare in the rest of the deposit.
Distribution of similar forms:

Castanea is infrequent to
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Castanea |.naleyana Traverse 1955
fraverje ,1955. Oligocene,Vermont
Castanea crenataeformls Samigulina 1960 (in Pok.& Stel.)
Pokrovskaya and Stel'mak,1960. Eocene,U . S . S.R.
Castanea sp.
Thtergart,1940. Tertiary,Germany
McLaughlin,1957. Upper Cretaceous,Tennessee
Gray,1960. Middle Eocene,Alabama
Gray,1964. Oligocene - Pliocene,northwestern United
States
Cupullferoipollenltes insleyanus (Trav. 1955)R.Pot. 1960
(cf.)£ngelhardt,1964. Middle Eocene,Mississippi
Trlcolporopollenltes cingulum (Pot. 1931)Th.& Pf. 1953
supsp. ovlformis (Pot~ 1931)Th.& Pf. 1953
Thomson and Pflug,1953. Eocene - Oligocene,Germany

Castanopsis species 1
Plate XIII, Figures 122a,b
Description:
view.

Tricolporate, prolate spheroidal in equatorial

Size range 14-18p long by 10-15n wide.

Furrows

long, extending almost entire length of grain, bordered
by nexinoUs thickenings which become 0.5-0.75m wide on
either a>ide of the pore, and narrow to 0.25n or less as they
continue across the pore.

Pore area largely open, 1.5m

high, 1.5u wide, not encircled at the sides by the*nexinous
thickenings.

Exine smooth to finely textured, 1m thick.

17 specimens measured.
8 —8

Specimen illustrated - Fig.122a,b:

,no. 8 .

Discussion:

Pollen of certain species of Castanea. such

as

Mill., and pollen of Castanopsis chrysophy11a

A. DC. and Castanopsis sempervlrens Dudley seem to resemble
this Wilcox type equally well.
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One of the most abundant macrofossil species of the
Wilcox is Dryophyllum tennesseensis Berry 1916, a fagaceous
type found at 38 localities (Berry,1930).

MacGinitie

(1941) has referred a Middle Eocene species of Dryophyllum
from the Chalk Bluffs flora of the Central Sierra Nevada
to Castanopsis.

He indicates that this fossil species,

Castanopsls longlpetlolatum (Knowlton)MacGinitie, appears
to be intermediate between Dryophy1lum tennesseensis Berry
and Dryophy1lum brevlpetlolatum Berry, the latter from the
Claiborne and Jackson floras of the Gulf Coast.

According

to MacGinitie, leaves of the fossil Castanopsis bear a very
close similarity to those of several modern Asiatic species.
Although the possibility exists that the pollen in
question may represent Castanea. the writer is inclined to
favor Castanopsis in view of MacGinities interpretation of
Dryophyllum tennesseensis.

This would suggest the presence

of Castanopsis as one of the dominant members of the low
land streambank community of the Wilcox.
Occurrence:

Castanopsis is the dominant species of the

lower clay.

Its frequency increases from about 10% in

sample

6

in sample

to nearly 25% in sample 7, and a little over 50%
8

.

It then becomes a minor element in the flora,

being either absent or infrequent throughout the lignite
and upper clay.
Distribution of similar forms:
Castanopsis sp.
Thiergart,1940. Paleocene - Miocene,Germany
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Trlcolporopqllenltes dlstinctus Groot & Penny 1960
firoot and Penny,1960. Upper Cretaceous,Maryland
Groot, Penny and Groot,1961. Upper Cretaceous,New Jersey
Trlcolporopollenltes ctngulum (R.Pot. 1931)Th.& Pf. 1953
Stanley,196d. Paleocene,South Dakota
Jones,1962. Lower Eocene,Arkansas
Unidentified
McLaughTTn ,1957. Upper Cretaceous,Tennessee

Quercus species

1

Plate XI, Figures 104a,b; 105a,b
Description:

Tricolpate, subprolate in equatorial view,

narrowing at the apices.
wide.

Size range 30-38 m long by 24-35 m

Furrows long, curving along the contour of the grain

for nearly its entire length.

Furrow edges tend to be

slightly wavy, with a prominent margin 0.75 m thick.

Exine

finely granulate, 0.75-lp thick; sexine composed of short,
closely spaced rods; 0-L.

19 specimens measured.

Spec

imens illustrated - Fig.104a,b:CS55,no.1; Fig,105a,b:CS42,
no. 1 1 .
Discussion:

Tricolpate grains of generally similar size

and shape are found in Quercus sesslliflora Salisb.,
illustrated in Erdtman, 1943 (PI.11, figs.194,195).

Species

of Quercus are usually difficult to separate on the basis
of pollen (see Nakamura, 1956), and pollen similar to
Quercus species 1 may actually occur in several m o d e m
species.
Quercus is not known from the macrofossil record of
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the Wilcox, although it is possible that one or more of
the six species of Dryophyllum described by Berry (1916,
1930) may be oak types.
Occurrence:

Frequency low.

All specimens came from the

channel sample of the lignite.
Distribution of similar forms:
Quercus sp.
Gray,1960. Middle Eocene,Alabama
Pollen!tes grossularlus Potonie 1934
(cf.)6 erhard, 1^8. Paleocene,South Dakota

Quercus species 2
Plate XIII, Figures 123a,b; 124a,b; 125a,b,c
Description:

Tricolporate, subprolate to prolate spheroidal

in equatorial view, three-lobed rounded in polar view.
Size range in equatorial view 15-24 m long by 13-20 m wide;
in polar view, 15-21m in diameter.

Furrows extend almost

entire length of the grain in equatorial view, pores
usually not clearly seen in this position due to the thick,
granular-appearing furrow margins.

Pores small, 0.5 m wide.

Exine finely granular, 1.5 m thick; sexine and nexine of
equal thickness; sexine of closely spaced, small pila; 0-L.
67 specimens measured.

Specimens illustrated - Fig.123a,b:

CS56,no.l; Fig.124a,b:CS57,no.1; Fig.125a,b,c:11-16,no.15.
Discussion:

This type conforms in general to the description

of Quercus rex Helms, in Pokrovskaya, 1950 (PI.23, figs.la-ld),
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a tricolporate form of similar size.
Occurrence:

Quercus species 2 is the dominant species of

sample 9, where it makes up 25% of the grains in this
section of the lignite.

It is abundant to common through

the remainder of the lignite, and mostly Infrequent in the
upper and lower clay.
Distribution of similar forms:
Trlcolporopollenltes microretlculatus Pf.& Th. 1953
Thomson and Pflug,1953. Eocene - Miocene,Germany

ULMACEAE
Planera species 1
Plate XI, Figure 101
Description:

Tetraporate, equatorial contour generally

square shaped in polar view, sides straight to slightly
convex, with a slit-like pore about 3p deep and lp wide
at each angle.

Size range 18-22P in diameter.

Exine

finely reticulate, less than 0.5p thick; lumina 0.5p,
muri 0.25p; L-0.

Three specimens measured.

Specimen

illustrated - Fig.101:8-15,no.5.
Discussion:

Pollen of Planera aquatlca Walt., illust

rated in Simpson, 1961 (PI.14, fig.8 a) Is generally
similar to the Wilcox species.
Berry (1916,1930) reported macrofossils of Planera
from one locality in Mississippi.
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Occurrence: Very rare.

One specimen found in the lower

clay and two in the channel sample of the lignite.
Distribution of similar forms:
Planera hebridlca Simpson 1961
Simpson,1961, Oligocene - Miocene,Scotland
Unnamed
Norem,1955. Upper Eocene,Venezuela

Celtls species 1
Plate IX, Figures 84 85a,b,c
Plate X, Figures 86,87
Description:

Triporate, contour rounded-triangular in

polar view, poral areas not aspidote.
view (23) - 28-32 - (43)m in diameter.

Size range in polar
Pores round to

broadly oval, 2-4 m wide, with thick annulus.

Exine

baculate, 2.5-3m thick, nexine thicker than sexine; sexine
composed of straight rods, 0,5-1m long; nexine 1,5-2m
thick, increasing to 3-3,5 m at the pore, producing a thick,
straight-walled, internally developed annulus; L-0.
specimens measured.
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Specimens illustrated - Fig.84:9-4,

no.l; Fig.85a,b,c:8-13,no.2; Fig.8 6 :CS1,no.1; Flg.87:CS36,
no. 8 .
Discussion:

Grains of the modern species Celtls laevigata

Willd., of the southeastern United States, exhibit the
same large, circular pores with thick annulus, and baculate
exine as found in the Wilcox species.

Although the two

types are not identical, the similarity appears sufficiently
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close to justify placing the fossil grains in the genus
Celtis.
Thomsonlpollls magnlficus. from the Early Tertiary
of Germany, appears identical to Celtis species 1.
Although macrofossils of Celtls have not been found
in the Wilcox, Berry (1925) has described a fossil species
from the Ripley Formation (Upper Cretaceous) of west
Tennessee.
Occurrence:

Common in sample 9 of the lignite, infrequent

to rare throughout the rest of the deposit.
Distribution of similar forms:
f.& Th. 1953
Thomson and Pflug,1953. Upper Cretaceous - Eocene,Germany
Thomsonlpollls magnlficus (Pf.& Th. 1953)Krutzsch 1960
Lank,1961. Paleocene - Eocene,Germany
Kunert and Lenk,1964. Upper Cretaceous,Germany
Thomsonlpollls magnlficoldes (Pf.fit Th. 1953)Krutzsch 1960
Krutzsch,1960. Eocene,Germany
Kunert and Lenk,1964. Upper Cretaceous,Germany

NYMPHAEACEAE
Nuphar species 1
Plate VIII, Figure 65
Description:
at one end.
31-35m wide.

Monocolpate, subprolate, tapering slightly
Size range of two specimens, 41-42 m long by
Furrows long, with thickened margin.

Exine

spinose, 1m thick, of granular texture and covered with
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smooth, straight or slightly curved spines spaced 1-2m
apart; spines up to 4m high, 2m wide at the circular base,
tapering to a point.

Specimen illustrated - Fig.65:14-20,

no. 1 .
Discussion:

Pollen of Nuphar advena Ait., illustrated in

Erdtman, 1943 (PI.15, fig.256), is generally similar to
the Wilcox species.
McLaughlin (1957) illustrates Nuphar-like pollen
from the Upper Cretaceous of west Tennessee.
Occurrence:

Very rare.

Two specimens found in the upper

clay.
Distribution of similar forms:
Unnamed
Thiergart,1940. Pliocene,Germany
McLaughlin,1957. Upper Cretaceous,Tennessee
Clarke,1963. Upper Cretaceous,Colorado

Nelumbo species 1
Plate XII, Figures 106; 107a,b; 108
Description:

Tricolpate, contour three-lobed rounded in

polar view, prolate spheroidal in equatorial view.

Size

range in polar view (25) - 30-35 - (41)p in diameter.
Size range in equatorial view, (26) - 32-37 - (49)m long
by (22) - 25-30 - (33) m wide.

Furrows long, usually

curving, with slightly thickened margins.

Exine baculate,

4 m thick; ectosexine composed of closely spaced rods 1.52m high, 0.5-0.75 m broad, producing the appearance of a
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reticulum at certain focal levels.
nexine 0.75-lp; L-0.

Endosexine 0.75-lp,

51 specimens measured.

Specimens

illustrated - Fig.106:9-19,no.11; Fig.107a,b:13-20,no.2;
Fig.108:11-16,no.3.
Discussion:

The Wilcox species is smaller than pollen of

Nelumbo lutea (Willd.)Pers., but is otherwise very similar.
Berry (1917) described a fossil species, Nelumbo
protolutea. from the basal section of the Hatchetigbee
Formation (Upper Wilcox) at Meridian, Mississippi.

Abundant

and well-preserved leaves, rootstalks and traces of rootlets
were found in the clay, indicating growth in situ in a
shallow, fresh water pond.
Occurrence:

Present in small numbers in the lignite and

upper clay.
Distribution of similar forms:
Nelumbo jamalcensls D.C.
Macko,1957. Miocene,Poland
Tricolpltes sp.
Engelhardt,1964. Middle Eocene,Mississippi

MAGNOLIACEAE
Llriodendron species 1
Plate VIII, Figures

6 6 a,b

Description: Monocolpate, prolate in equatorial view,
appearing generally football shaped.

Size range of two

specimens, 105-107p long by 66-74p wide.

Furrow extends

78
entire length of grain, with no thickening along the margin.
Exine rugulate, 2.5m thick.

Specimens illustrated - Fig.

66a,b:15-20,no.1.
Discussion:

Pollen of Llrlodendron was first reported

from the Eocene of the Gulf Coast by Gray (1960), who
found it in the Claiborne of Alabama.
The presence of Llrlodendron in the area of the
Mississippi embayment during the Upper Cretaceous is
indicated by macrofosslls of "very characteristic"
Llrlodendron leaves in the Ripley Formation of Henry County,
Tennessee, described by Berry (1925), and in the Woodbine
Sand of Denton County, Texas, reported by MacNeal (1958).
Macrofossils of this type have not been found in the Wilcox.
Occurrence;

Very rare.

Two specimens found in sample 12

of the lignite.
Distribution of similar forms:
Lirlodendron tullpifera L.
Macko,1957' Lower rflocene,Poland
Macko,1961. Eocene,England
Lirlodendron Sewardll Simpson 1961
Simpson,1961. Oligocene - Miocene,Scotland
Llrlodendron sp.
Gray,1960. Middle Eocene,Alabama

ANNONACEAE
Annona species 1
Plate VIII, Figures 67a,b;

6 8 a,b
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Description:

Monocolpate, irregularly prolate to prolate

spheroidal in equatorial contour, all specimens greatly
compressed.

Size range (95) - 110-148 - (180) m long by

(77) - 90-120 - (135) m wide.
and not visible.

Furrow laterally situated

Exine 0.5-Ip thick, composed of isles

separated from each other by wide grooves, forming a
"negative reticulum"; L-0.

Exine isles vary in shape

from irregularly rounded structures to elongated, often
curved, rods.

Size of isles usually 0.5-1.5 m long, some

up to 9 m long and 1m wide,

23 specimens measured.

Speci

mens illustrated - Fig.67a,b:CS45,no.2; Fig.68a,b:GS26,no.2.
Discussion:

Pollen of Annona nutans of South America, is

very similar to the Wilcox species.

This is the first

report of Annona pollen from the Wilcox, although Jones
(1962) illustrates a specimen of Annona-type under the
form genus Inaperaturopollenites.
Four species of Annona have been described from the
macrofossil record of the Wilcox by Berry (1916,1930),
based upon both leaf impressions and fruits.

According

to Berry (1916), leaves of Annona wilcoxlana Berry can
scarcely be distinguished from those of Annona glabra L.
of southern Florida.

Pollen of this species was not

available for comparison with Annona species 1.
Occurrence:

Infrequent to rare throughout most of the

lignite and the upper clay.
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Distribution of similar forms:
Inaperaturopollenites sp.
Jonas, 1 9 6 Lower Eocene,Arkansas

LEGUMINOSAE
Hoffmanseggla species 1
Plate XI, Figures 98a,b; 99
Description:

Triporate, equatorial contour rounded to oval

in polar view, with bulging, convex sides.
58 m in diameter.

Size range 48-

Aspides extend 3-4 m above circumference

of the grain, pores 5 m wide.

Exine baculate, total thick

ness between aspides about 5 m ; endosexine 2-3 m , thicker
than ectosexine (0.75-1.5 m ), the proportions varying with
grain size; nexine 1.5 m thick.

Nexine ends at base of

pore, endosexine extends up inner wall of pore and tapers
off; ectosexine thins to 0 . 5 m and hooks in slightly at
pore rim; 0-L.

Six specimens measured.

Specimens illust

rated - Fig.98a,b:10-27, no. 2; Fig.99: 15-16, no. 1 .
Discussion:

Pollen of Hoffmanseggla mlcrophylla Torr.

(see Tsukada, 1963, PI.9, fig.156) is very similar to the
Wilcox species in size, shape and exine structure and
ornamentation.

Hoffmanseggla is a member of subfamily

Caesalpinieae, tribe Eucaesalplnieae, along with the genus
Caesalplnla.

Pollen of species of Caesalplnla. although

of similar size and shape, have a distinctive exine sculp
ture pattern which does not resemble the Wilcox species.
Four species of "Caesalplnltes" have been described
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by Berry (1916,1930) from the Wilcox.

It is possible

that some of these fossil leaves represent the Eocene
Hoffmanseggia.
Fossil pollen of this type is unreported in the
literature.
Occurrence: Very rare.

Six specimens found in the lignite.

Bauhinia species 1
Plate X, Figures 93,94,95a,b
Description:

Triporate (tricolporate?), three apertures

appear present on most specimens, but not evident on all
grains.

Rounded-triangular to oval-shaped in polar view.

Size range 16-25p in diameter.

Exine smooth, lu thick,

with globular gemmae measuring less than 0.5u to 4p in
diameter scattered Irregularly over the surface of the
exine and clustered around the apertures.

On one specimen

the exine at the apertures Is thickened into two half
rings with a pore-like space and a short, thin "furrow"
between.

32 specimens measured.

Specimens illustrated -

Fig.93:6-14,n o .7 ; Fig.94:14-10,no.9; Fig.95a,b:13-2,no.4.
Discussion:

Ten different pollen types have been reported

In species of the genus Bauhinia.

However, two species,

B. retuaa and B. tomentosa. illustrated by Vishnu-Mittre
and Sharma, 1962 (P1.3, figs.26-28; PI.4, figs.42,43),
have pollen with a gemmate exine resembling that of the
Wilcox specimens.
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Pollen similar to Bauhinia species 1 was first reported
from the Paleocene Ft. Union Formation of Montana by Saulnier (1950).

It is interesting to note that R. Brown (1956,

1962) has described a macrofossil species of Bauhinia from
the Ft. Union Formation of Wyoming.
Berry (1919,1924,1925) reported five Upper Cretaceous
species of Bauhinia in the macrofossil record of the Raritan,
Magothy, Tuscaloosa, Eutaw and Ripley Formations of the
southeastern United States; one species was also found
in the Jackson (Upper Eocene) of Fulton County, Kentucky.
Occurrence:

Infrequent to rare in most of the upper and

lower clay.

Present in the lignite only in sample 12.

Distribution of similar forms:
Vasculites problematlcus Wilson 1949
Wilson,1949. fiarly Tertiary,Texas
Saulnier,1950. Paleocene,Montana
Pistilllpollenltes mcgregprli Rouse 1962
Rouse,1962. Middle Eocene.British Columbia
(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma
Inaperaturopollenltes sp.
Jones ,1961b. Lower Eocene,Arkansas

RUTACEAE
Xanthoxylum species

1

Plate XIII, Figures 126a,b,c
Description:
orial view.

Tricolporate, prolate spheroidal in equat
Size range 19-22p long by 16-21p wide.

Furrows long, thin, marginal thickenings narrow and indistinct
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Geniculus present in each furrow, but definite pores are
not visible.

Exine reticulate, 2m thick; sexine composed

of thin, closely spaced, rod-shaped baculae, bead-like
in surface view.
across.

Muri 0.5 m thick; lumina wide, up to 3 m

Four specimens measured.

Specimen illustrated -

Fig.126a,b,c:CS43,no.3.
Discussion:

This fossil pollen is very similar to that

of m o d e m species of Xanthoxylum.
Macrofossil species of Xanthoxylum were described
under the synonym Fagara from two localities in the Wilcox
by Berry (1916,1930).

One species was compared to Fagara

fagara Small of the Gulf Coast.
Occurrence:

Very rare.

Four specimens found in the

lignite.
Distribution of similar forms:
Tricolporopollenites margarltatus (R.Pot. 1931)Th.& Pf.1953
Thomson and Pi:lug, 195 J. Eocene - Oligocene,Germany
Retitricolporites irregularis van der Hamm.fic Wym. 1964
van der Hammen and Wymstra,1964. Oligocene - Miocene,
British Guiana

Ptelea(?) species 1
Plate X1L1, Figures 127a,b; 128a,b
Description:

Tricolporate, prolate spheroidal in equatorial

view, three-lobed rounded in polar view.

Size range in

equatorial view 17-23m long by 12-18 m wide; in polar view,
18-21m in diameter.

Furrows extend entire length of grain,
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furrow margins prominently defined in equatorial view.
Pores elliptical, equatorially stretched, 5p across, 2.53u high.

Exine pilate, 0.75-1m thick, becoming 2p thick

at the pores; sexine composed of short, closely spaced
pila, producing the appearance of a microreticulum; lumina
0,25p or less; 0-L.

55 specimens measured.

Polar and

equatorial views found in almost equal numbers.

Specimens

illustrated - Fig.127a,b:13-4,no.4; Fig.128a,b:14-9,no.1.
Discussion:

Pollen of Ptelea trifollata L. is generally

similar to this type, although the furrow margins are
not as prominent as in the fossil grains.
The genus is represented in one macrofossil locality
of the Wilcox by well preserved specimens of the typical
winged frui ts .
Pollen of this type has not been previously reported
in the literature.
Occurrence:

Common in the upper clay, mostly infrequent

to rare in the rest of the deposit.

SAPINDACEAE
Thouinla species 1
Plate XI, Figure 100
Description:

Triporate, contour triangular in polar view,

with straight sides.
diameter.

Size range (32) - 44-49 - (50)p in

Pores 2n wide, oval shaped.

tegillate, 2n thick.

Exine baculate,

Nexine 0.5p, visible as a thin layer
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ending about 8-10m from the poral area along each side.
Endosexine composed of closely spaced rods 0.5 m high,
which lengthen gradually to 1m in the poral area.

Ecto

sexine lu, thickening abruptly to 2m at the pore, forming
an annulus with straight inner walls; L-0.
measured.

12 specimens

Specimen illustrated - Fig.100:10-1,no. 6 .

Discussion:

Although larger, this form is greatly similar

to pollen of Thouinia acuminata, illustrated in Erdtman,
1952, p.396.
Macrofossils of Thouinia have not been reported from
the Wilcox, although the family is represented by three
other genera.

Thouinia-like winged fruits and leaves are

abundant in the Middle Eocene of the Central Sierra Nevadas,
according to MacGinitie (1941), and R. Brown (1929) desc
ribed a species of Thouinia from the Green River Formation
of Wyoming.
Occurrence:

Present in very small numbers in the upper

lignite and upper clay.
Distribution of similar forms;
Porocolpopollenltes sp.
Kunert and Lenk,1964. Upper Cretaceous,Germany

RHAMNACEAE
Rhamnus species 1
Plate XIII, Figure 131

86
Description:
view.

Tricoiporate, prolate spheroidal in polar

Size range 14-18m in diameter.

Furrows

6m

long,

margins not thickened; pores 1.5-2m wide, surrounded by
a thickened annulus.

Exine granular, 1m thick; sexine

and nexine of similar thickness.

Six specimens measured.

Specimen illustrated - Fig.1 3 1 :6-9,no.6.
Discussion:

Rhamnus species 1 compares well in size and

structure with Rhamnus frangula L., illustrated in Maurizio
and Louveaux, 1960 (PI.10, fig.3).
Berry (1916,1930) and Ball (1931) reported macrofossils of Rhamnus from 19 localities in the Wilcox.
Pollen comparable to Rhamnus species 1 has not been
found in the literature.
Occurrence:

Present in very small numbers in samples

6

and 7 of the lower clay.

STERCULIACEAE
Fremontodendron species 1
Plate XIV, Figures 134a,b; 135a,b
Description:

Brevitricoiporate, contour triangular in

polar view, with broadly rounded angles and straight to
slightly concave sides.

Size range 33-39 m in diameter.

Furrows planaperturate, 6m deep, with marginal thickenings
2m wide.

Exine reticulate (retipilate), 1m thick, composed

of closely spaced pila which form a reticulum.

Muri 0.25 -

0.5 m thick; lumina irregular, varying in size from 1-2 m to
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5m In the center of the polar area, decreasing to 0.5m or
less at the angles; 0-L.

Four specimens measured.

Spec

imens Illustrated - Fig,134a,b:CS22,no.1; Fig.135a,b:CS52,
no. 1 .
Discussion:

Pollen of the m o d e m species Fremontodendron

califomlcum (Torr. )Covllle appears Identical In size and
structure to the fossil species.

Pollen of many genera of

the Bombacaceae show similar structural features (see
Tsukada, 1964), but are typically much larger.
Sterculiaceous leaves and fruits were reported from
27 localities in the Wilcox by Berry (1916,1930) and Ball
(1931).

Most of these were referred to the genus Sterculla.

however.
Occurrence: Very rare.

Four specimens found in the channel

sample of the lignite.
Distribution of similar forms:
Bombacalpltes naclmientoesIs Anderson 1960
Anders on,19 6(5J Paleocene,New Mexico

CARICAGEAE
Carlca(7) species 1
Plate XV, Figures 153a,b
Description:

Tricoiporate, subprolate in equatorial view.

Size range 33-40 m long by 27-32 m wide.

Furrows medium

length, ending 5 m from the margin in equatorial view;
thickened furrow margins diverge at either side of the pore,
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while another portion continues along the furrow.
baculate,

1 -1

Exine

.5 m thick; sexine composed of closely spaced

rods 0.25 m wide and 1m high; 0-L.

Four specimens measured.

Specimen illustrated - Fig.153a,b:9-7,no.1.
Discussion: The pollen of Carlca papaya L., illustrated
in Macko, 1959 (Figs.1,4,10), is similar in size and
general appearance.

Macko refers fossil pollen from the

Miocene of Poland to this genus.
Occurrence: Very rare.
lignite and in sample

8

Four specimens found in the
of the lower clay.

Distribution of similar forms :
Carlca papaya L.
Macko, 195*). Miocene,Poland

NYSSACEAE
Nyssa species

1

Plate XIV, Figures 136a,b,c; 137a,b
Description:

Tricoiporate, subprolate in equatorial view,

three-lobed triangular in polar view.

Size range in

equatorial view (14) - 24-28 - (32) m long by (12) - 19 (25) m wide.

in diameter.

Size range in polar view (12) - 21-28 - (30) m
Furrows long, bordered by nexinous thickenings

lM thick, which almost entirely enclose an oval pore 1.5-2 m

wide, 1.5 m high.

Exine finely granular, 1-1.5 m thick;

sexine 0.5 m , continuing across the center of the pore; 0-L.
Two conspicuous longitudinal folds seem to enclose the

furrow and pore as viewed at flat center in equatorial
view.

In polar view these thickened furrow rims produce

the appearance of "pursed lips".

69 specimens measured.

Specimens illustrated - Fig.136a,b,c:CS53,no.1; Fig.137a
CS42,no.10.
Discussion:

The Wilcox Nyssa matches very closely the

pollen of the modern species Nyssa javanlca Wang, as
illustrated in Traverse, 1955 (figure 11,no.98-100).
Nyssa is represented in the macrofossil record of
the Wilcox mainly on the basis of characteristic fruit
"stones" (Berry, 1916,1930). One leaf impression was als
reported.
Occurrence: Nyssa is present in samples 8-13 of the
deposit, being common in the lower half of the lignite
and mostly infrequent to rare elsewhere.
Distribution of similar forms:
Nyssa sylyatlca March
Macko,1 9 5 7 . Miocene,Poland
Macko,1959. Miocene,Poland
Nyssa Indent!pollIna Traverse 1955
fraverse,1955. Oligocene,Vermont
Nyssa sp.
Thiergart.1940. Eocene - Miocene,Germany
Kremp.1949. Miocene,Germany
Gray,I960. Middle Eocene,Alabama
Jones,1961b. Lower Eocene,Arkansas
Tricolporopollenites jams chi (R.Pot. 1931)Th.6t Pf. 1953
subsp. analepticus BL.Pot. 1934
Thomson ancf pflug, 1953. Eocene - Miocene,Germany
Stanley,1960. Paleocene,South Dakota
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NyssapolIonites sp,
Engelharcit, 1964. Kiddle Eocene,Mississippi

HALORAGACEAE
Gunnera(?) species 1
Plate XII, Figures 114a,b,c; 115a,b
Description:

Tricolpate, prolate spheroidal in equatorial

view, three-lobed rounded in polar view.

Size range in

equatorial view 21-26m long by 15-20p wide; in polar view,
17-30m in diameter.

Furrows extend entire length of the

grain, margins slightly thickened.

Exine reticulate

(retipilate), 0.5-0.75m thick, composed of short pila
which form a microreticulum.
15 specimens measured.

Lumina 0.5m or less; 0-L.

Specimens Illustrated - Fig.114a,

b,c:CS49,no.10; Fig.115a,b:CS36,no.12.
Discussion:

Pollen of the m o d e m species Gunnera brephagea

is quite like the Wilcox species in equatorial view, alth
ough the polar views are not as closely similar.
Fossil pollen of this type has not been previously
reported in the literature.
Occurrence:

Present In low frequency throughout the

deposit.

CORNACEAE
Cornua species 1
Plate XIV, Figures 138a,b; 139
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Description:

Tricolporate, subprolate in equatorial view.

Size range 30- 38 m long by 20-31m wide.

Furrows of medium

length, ending 5-7 m from the margin in equatorial view;
nexinous thickenings 2m wide border the furrows, enclosing
a circular to oval pore, 2-5 m wide.

Exine verrucose-retic-

ulate, 0.75- 1 m thick; muri 0.5 m ; lumina irregular, 0.5- 1.5 m
long, smaller close to the furrows; 0-L.
measured.

Nine specimens

Specimens illustrated - Fig.138a,b :7-6,n o .5;

Fig.139:6-14,no.3.
Discussion:

C o m u s species 1 approaches that found in the

m o d e m species C o m u s drummondll C.A. Meyer.
Berry (1916) questionably referred a leaf impression
from the Wilcox of Louisiana to C o m u s . but the genus was
delated in the 1930 revision of the Wilcox flora.
Species of Comophyllum. described from the Upper
Cretaceous of the southeastern United States (Berry, 1919;
MacNeal, 1958), probably represent the genus.

R. Brown

(1962) illustrates leaves of two PAieocene species of
Comus, both quite typical of the genus.
Occurrence:

Present in very small numbers in the upper

and lower clay.
Distribution of s1mllar forms :
Retltrlcolporltes hlspidus van der Ham.Sc Wym. 1964
van der Hammen and Wymstra,1964. Eocene - Miocene,
British Guiana
Tricolporopollenltes sp.
Engelhardt,1964. Middle Eocene,Mississippi
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CLE THRACE AE
Clethra species

1

PLata XIII, Figures 129,130
Description:
view.

Trlcolporate, contour subcircular In polar

Size range 18-22 m in diameter.

Furrows short, 5-6 m

long, gaping open 1.5-2 m at the equator, and bordered by
thick nexinous margins 2-3 m wide.

Exine finely granular,

2 m thick, with thin sexine and heavy nexine.

imens measured.

Seven spec

Specimens illustrated - Fig.129:6-9,no.5;

Fig.130:14-17,no.6.
Discussion:

Clethra species 1 is similar to C, alnlfolla L.

(see Traverse, 1955, fig. 12, no.106).

Fossil pollen of

this type from the Tertiary of Europe has been referred to
the genus Cyrllla.
Occurrence:

Present In small numbers in the upper and

lower clay, and in sample

12

of the lignite.

Distribution of similar forms:
Pollenites ventosus R. Potonie 1931
Potonie,1931b. Lower Eocene,Germany
Potonie,1934. Lower Eocene,Germany
Potonie,1951b. Lower Eocene,Germany
Pollenites clngulum brtthlensis Thomson 1950
Potonie, Thomson and 'fhiergart,1950. Miocene,Germany
Cyrillaceae-pollenites clngulum bruhlensls Thomson 1950
M&rriger and Pflug,19517 Eocene - 0ligocene,Germany
Tricolporopollenites megaexactus (R.Pot. 1931)Th.& Pf.1953
subsp. bruhlensls tEom. 1950 asp, ventosus R.Pot. 1931
Thomson and Pflug,1953. Eocene - Miocene,Germany
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Trlcolporopollenltes ventosus (R.Pot. 1931)
Mttrrtger end Pf lanzl,1955. Oligocene,Germany
Unnamed
McLaughlin,1957. Upper Cretaceous,Tennessee

SAPOTACEAE
ChrysophyHum species 1
Plate XIV, Figure 140
Description:

Tricolporate, prolate In equatorial view.

Size of single specimen, 18m long by 13p wide.

Furrows

lined by nexinous thickenings, Interrupted at the trans
versely stretched pores.
smooth,

1m

Pores 3p long, lp high.

Exine

thick; sexine and nexlne of similar thickness.

Specimen illustrated - Fig.140:6-8,no.1.
Discussion:

Although slightly smaller, this single

specimen compares well with pollen of the m o d e m species
Chrysophyllum angustlfollum Lamb, (see Macko, 1957, PI.53,
figs.37,41), and Chrysophyllum mexicanurn.
Leaf impressions referred to Chrysophyllum were
reported by Berry (1916,1930) from two localities in the
Wilcox.
Occurrence: Very rare.

One specimen found in sample

of the lower clay.
Distribution of similar forms:
Chrysophy1lum angustlfollum Lamb.
Macko,1957. Miocene,Poland

6
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Manllkara(?) species 1
Plate XIV, Figures 141,142,143
Description: Tricolporate, oval shaped in equatorial
view.

Size range 28-37p long by 23-30p wide.

Furrows

long, underlain by heavy nexinous thickenings which
almost entirely encircle a large, broadly oval to almost
square pore, 4-5p high, 5-7p wide; thin sexinous furrow
margins continue across the center of the pore.

Exine

smooth to finely textured, 1.5-2m thick; nexine thicker
than sexine.

13 specimens measured.

Specimens illust

rated - Fig.141:14-10,no.13; Fig.142:13-1,no.4; Fig.143:
14-21,no.1.
Discussion:

This pollen exhibits sapotaceous characters,

but may represent a genus other than Manilkara.

Burnella.

Mlmusops and Slderoxylon have been reported as macrofossils
(Berry, 1916,1930), but pollen of these genera has not
been available for comparison.
This species has not been illustrated previously,
although sapotaceous pollen is known from the Tertiary
of Europe, and has been reported by Engelhardt (1964) and
Gray (1960) from the Middle Eocene of the Gulf Coast.
Occurrence:

Present in very small numbers in the upper

clay.

SYMPLOCACEAE

95
SymplocoB species 1
Plate XIV, Figure 144
Description:Tricolporate, contour triangular in polar
view, with slightly convex sides.
found, 21 x 22 m.

Size of single specimen

Furrows short, 5m long in polar view,

margins not thickened; pores

1m

wide.

Exine finely

granular, 1.5m thick; sexine and nexine of similar thick
ness between the furrows, sexine becoming narrow at the
pores, while nexine extends in a straight line across the
poral area.

Specimen illustrated - Fig.144:11-19,no,3.

Discussion:

Pollen of Symplocos species 1 is smaller

than specimens reported by Engelhardt (1964) and Jones
(1962), but appears to be otherwise similar.
Symplocos-like pollen has been reported by many
workers from the Tertiary lignites of Europe, and from
the Oligocene of Vermont by Traverse (1955), but these
do not compare closely to the Wilcox species.
Occurrence:
11

Very rare.

One specimen found in sample

of the lignite.

Distribution of similar forms:
Triatriopollenites sp.
Jonea,1962. Cower Eocene,Arkansas
Symplocolpolienltes sp.
Engelhardt,1964. Middle Eocene,Mississippi

OLEACEAE

96
Fraxinus species 1
Plate XII, Figures 109a,b,c; 110a,b,c; 111a,b,c
Description:

Tricolpate, prolate spheroidal in equatorial

view, three-lobed rounded in polar view.

Size range in

equatorial view, 15-18p long by 12-15u wide; in polar
view, 14-18 m in diameter.

Long, straight furrows extend

almost entire length of grain, margins not thickened.
Cxine reticulate (retipilate), lp thick; sexine 0.75p,
nexine 0.25m; sexine composed of short pila which produce
a reticulate pattern; lumina 0.5-0.75m; O-L.
measured.

20 specimens

Specimens illustrated - Fig.109a,b,c:11-14,no.4;

Fig.ll0a,b,c:12-l,no.l; Fig.llla,b,c:ll-8 ,no.8 .
Discussion:

Fraxinus species 1 is very similar to pollen

of a European species, Fraxinus ornatus var. latifolia.
Specimens of Tricolpopollenites micromunus. in Groot
and Penny (1960), appear identical to Figure 110a,b,c.
Brenner (1963) compares this fossil species with pollen
of the extant species Tetracentron sinense.
Berry (1916,1930) reports characteristic winged fruits
of Fraxinus from one locality, and Fraxinus-like leaves
from four localities of the Wilcox.
Occurrence:
10

and

11

Fraxinus makes up 25% of all grains in samples

of the lignite, where it is considered the

dominant species.

It Is common to abundant In the rest

of the lignite, and mostly Infrequent to rare in the
upper and lower clays.
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Distribution of similar forms:
Trlcolpopollenites mlcromunus Groot and Penny 1960
Groot and Penny,1960. Lower Cretaceous,Maryland
Groot, Penny and Groot,1961. Upper Cretaceous,New Jersey
Brenner,1963. Lower Cretaceous,Maryland
Trlcolpltea sp.
Gerhard,1958. Paleocene,South Dakota

CAPRIFOLIACEAE
Viburnum species

1

Plate XIV, Figures 145,146
Description:Tricolporate, prolate to subprolate in
equatorial view.

Size range 18-22 p long by 12-19p wide.

Furrows extend almost entire length of the grain; pores
round, lp wide.

Exine reticulate (retipilate), lp thick;

sexine composed of closely spaced pila; tnuri 0.5p thick,
lumina 0.5-0.75p wide; 0-L.

11 specimens measured.

Specimens illustrated - Fig. 145:13-6, no. 1 ; Fig. 146:12-37,
no. 2 .
Discussion:

Pollen of Viburnum type was described from

the Green River Formation by Wodehouse (1933).
There is no macrofossil record of Viburnum in the
Gulf Coast area, but the genus is represented in the
Paleocene of the Rocky Mt. area (R. Brown, 1962) and in
the Middle Eocene floras of the Central Sierra Nevadas
(MacGinitie, 1941).
Occurrence:
deposit.

Rare to infrequent throughout most of the
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Distribution of similar forms:
Caprlfolllpltes vlrldl-flumlnls Wodohouse 1933
Wodehouse1933. Middle Eocene,Wyoming
Gerhard,1958. Paleocene,South Dakota

INCERTAE SEDIS
TRILETE SPORES
Clngulatlsporltes species 1
Plate I, Figures 5a,b
Description: Trllete, equatorial contour subtrlangular,
with broadly rounded angles.
38 x 39 m In diameter.

of the spore.

Size of single specimen,

Y-mark extends one-half the radius

Exine smooth, 1.5m thick; sexine and nexine

of similar thickness.

A distinct inner "cingulum" about

4 m thick borders the equatorial margin.

Specimen illust

rated - Fig.5a,b:13-2,no.1.
Discussion: Jones (1961b) reported a probably identical
type from the Wilcox of Arkansas.

Spores of this form

genus may represent extinct species of Sphagnum.
Occurrence: Very rare.

One specimen found in sample

13 of the upper clay.
Distribution of slmllar forms:
Clngulatlsporltes levlsoeclosus Pflug 1953
Thomson and Pflug,1953. Upper Cretaceous - Paleocene,
Germany
(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma
Clngulatlsporltes psllatus Groot and Penny 1960
Groot and Penny,19^0. Lower Cretaceous,Maryland
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Clngulatlsporltes sp.
Jones,196lb. Lower Eocene,Arkansas

Lelotrlletes species 1
Plate I, Figure
Description:

6

Trilete, equatorial contour prominently

triangular, sides slightly convex.
specimens, ?6-3?m in diameter.

Size range of three

Y-mark extends to the

margin of the spore, furrow margins not thickened.

Exine

smooth, lu thick at the angles, thinner along the sides;
sexine and nexine of similar thickness.

Specimen illust

rated - Fig.6 :CS14,no.1.
Discussion:

These spores fit the size range and general

description of a species described by Bolkhovltina (1953).
Natural affinity of the species is unknown.
Occurrence: Very rare.

Found only in sample 11 of the

lignite.
Distribution of similar forms:
Lelotrlletes conyexus Bolk. 1953
bolkhovltina,T953. Lower Cretaceous,U.S.S.R.

MONOLETE SPORES
Laevlxatosporltes species 1
Plate IV, Figures 29,30
Description:

Monolete, beanshaped in lateral view.

Size

100

range

? 6-

50 m long by 21 - 36 m wide.

Furrow length usually

half that of the grain length or slightly longer, with
slightly thickened margins.

Endospore smooth, 1-1.5m

thick; sexine and nexine of similar thickness.
imens measured.
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Specimens illustrated - Fig.29:13-6,no.12;

Fig.30:14-14,no.5.
Discussion: Monolete spores of this type are found in
many genera of the Polypodiaceae, such as Athyrlum.
Blechnum. Asplenlum. Dryopteris. Polystlchum. Thelypterls
and others (see Nayar and Devi, 1963,1964a,1964b).
Berry (1916,1930) reported macrofossils resembling
Acrostlchum. As plenlum. Chellanthes. Dryopteris. Menlphyllum
and Pterls from the Wilcox.
Occurrence:

Present in small numbers throughout the

deposit.
Distribution of similar forms:
Sporltes haardtl R.Pot.& Ven. 1934
Potonie and Venitz,1934. Oligocene - Miocene,Germany
Thiergart,1940. Miocene - Pliocene,Germany
Kremp.1949. Miocene,Germany
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Polypodlaceaesporites haardti (Pot.& Ven. 1934)Thier. 1938
Thiergart,1938. Miocene,Sermany
Potonie,1951b. Miocene,Germany
Groot and Groot,1962. Paleocene,Maryland
Jones,1962. Paleocene - Lower Eocene,Arkansas
Monorad.-sporltes haardtl (Pot.& Ven. 1934)Mttrr.& Pf. 1951
rfttrrlger and PfTtig,1951. Oligocene,Germany
Laevigatosporltes haardtl (Pot,& Ven. 1934)Th.St Pf. 1953
Thomson and
lug, 1953. Upper Cretaceous - Pliocene,
Germany
Meyer, 1956. Miocene,Germany
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(cf.)Pflug,1957. Lower Oligocene,Germany
Kedves,1960. Lower Eocene,Hungary
Kedves,1962. Lower Eocene,Hungary
Cavagnetto,1964. Lower Eocene,France
Laevigatosporltes gracilis Wilson &t Webster 1946
Wilson and Webster,1^46. Paleocene,Montana
Saulnler.1950. Paleocene,Montana
Stanley,I960. Paleocene,South Dakota
Brenner.1963. Paleocene,South Dakota
Norton,1963. Upper Cretaceous - Paleocene,Montana
Laevigatosporltes sp.
Upshaw,1 9 5 9 . Upper Cretaceous,Oklahoma
Polypodlldltes sp.
Anderson,1960. Paleocene,New Mexico
Unnamed
Traverse,1955. Oligocene,Vermont

Laevigatosporltes species 2
Plate V, Figures 36,37,38,39
Description: Monolete, subprolate in proximal view, often
folded.

Size range (31) - 47-55 - (71)p long by (24) - 31-

48 - (54)u wide.

Furrow short, approximately half the

length of the grain or less, with slight marginal thick
enings.

Endospore smooth, l-1.5p thick; sexine and nexine

of similar thickness.

In folded specimens an exinous

"flap" protrudes from one side, producing under low magni
fication the false appearance of a wide, gaping furrow.
The true furrow can usually be found off to one side or
on the opposite side of the spore.

41 specimens measured.

Specimens illustrated - Fig.36:8-9,no.3; Fig.37:14-5,no.2;
Fig.38:11-1,no.7; Fig.39:6-17,no.7.
Discussion:

Spores of the modern species Acrostlchum
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axillare Cav., illustrated in Macko, 1957 (PI.62, figs.27,
34,36), are very similar to smaller specimens of this type.
Laevigatosporltes ovatus Wil.6* Web. 1946 (33-39n) and
Laevigatosporltes discordatus Pf.& Th. 1953 (50-90m ) appear
to represent the same basic spore type, separated mainly
on the basis of size.

Both species were reported by Rouse

(1962) and Norton (1963).

They are being treated here as

one species.
Occurrence:

Present in small numbers throughout most of

the deposit.
Distribution of similar forms:
Aerostlchum axlllare Cav.
Macko,1957. Miocene,Poland
Macko,1959. Miocene,Poland
Laevlga tosporit ea ovatus W11.& Web. 1946
Wilson and Webster,1946. Paleocene,Montana
Saulnler,1950. Paleocene,Montana
(cf.)Arnes,1951. Upper Cretaceous,Colorado
Rouse,1957. Upper Cretaceous,Canada
Clarke,1963. Upper Cretaceous,Colorado
(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma
Norton,1963. Upper Cretaceous - Paleocene,Montana
LaevlRatos pori te s discordatus Pflug 1953 (in Th,& Pf. 1953)
Thomson and Pflug,1953. Upper Cretaceous - Oligocene,
Germany
Pflug,1957. Upper Eocene - Lower Oligocene,Germany
Rouse,1957. Upper Cretaceous,Alberta
Kedves 1960. Lower Eocene,Hungary
Rouse,1962. Middle Eocene,British Columbia
Norton,1963. Upper Cretaceous,Montana
Monolltes discordatus (Pf. 1953)Potonie 1956
Gerhard,1956 . Paleocene,South Dakota
Laevigatosporltes sp.
Opshaw,1959. Upper Cretaceous,Oklahoma
Clarke,1963. Upper Cretaceous,Colorado
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Incertae Sedts species 1
Plate IV, Figure 28
Description: Monolete, prolate in proximal view, bean
shaped in lateral view.

Size range of three specimens,

34-38 m long by 19-24 m wide.

Furrow long, bordered on each

side by a thick, smooth margin, 1.5 m wide.

Exine finely

reticulate, less than 0.5 m thick; lumina 0.25 m ; 0-L.
Specimen illustrated - Fig.28:7-2,no.3.
Discussion;

The distinct furrow margins and elongated

shape of this species are characters found in Psllotum.
According to Harris (1955), spores of Psllotum nudum (L.)
Griseb. are typically much larger (58-73 m ), and have an
exine thickness of 2,5-3 m .
Similar fossil spores have not been reported In the
literature.
Occurrence: Very rare.

Three specimens found In the

lower clay.

Incertae Sedis species 2
Plate IV, Figure 34
Description: Monolete, prolate, most specimens much
wrinkled and folded.

Size range 26-49m.

Furrow short,

about one-third the length of the spore, without marginal
thickenings.
measured.

Exine smooth, 0.5 m or less.

Ten specimens

Specimen illustrated - Fig.34:6-17,no.4.
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Discussion:

A great number of crushed and folded, thin-

walled spores occur throughout the deposit.

This relat

ively entire specimen is thought to represent the original
form of the folded grains.

Their botanical affinity is

unknown.
Occurrence:
deposit.

Present in varying numbers throughout the

Common in sample 13 of the upper clay.

Distribution of similar forms:
Phanerophlebla remotlspora Foum.
Trotter,1963. Paleocene,South Dakota

INAPERTURATE SPORES AND POLLEN
Schlzosporls species 1
Plate V, Figures 40,41
Description:

Inaperturate, ellipsoid to football shaped,

many specimens crackad or crushed.
86

Size range (60) - 71-

- (96)p long by (37) - 43-50 - (54)p wide.

Exine

smooth, l-2 u thick; sexine and nexine of similar thickness.
11 specimens measured.

Specimens illustrated - Fig.40:CS6,

no.3; Fig.41:6-4,no.6.
Discussion:

Large inaperturate specimens of this type

have been called insect egg cases by some workers.

The

two-layered wall and general structure appear more spore
like in these specimens.
Cookson and Dettmann (1959) place generally similar
forms in the genus Schlzosporls.
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Occurrence:

Present in very small numbers in the upper

half of the lignite and the upper clay.

Also found in

the basal sample of the lower clay.
Distribution of similar forms:
Schizosporis parvus Cookson & Dettmann 1959
(iookson and fiettmann, 1959 . Upper Cretaceous,Australia
Stanley,1960. Paleocene,South Dakota
(cf.)Hedlund,1963. Upper Cretaceous,Oklahoma

Schizosporis species 2
Plate V, Figure 42
Description:

Inaperturate, equatorial contour prolate,

specimens often cracked or folded.
long by 65-76 m wide.

Size range 89-125m

Exine smooth, 2m thick; sexine

slightly thicker than nexine.

Seven specimens measured.

Specimen illustrated - Fig.4 2 :CS46,no.3.
Discussion:

This inaperturate form is larger and less

symmetrical than Schlzosporls species 1.

Similar forms

have not been reported in the literature.
Occurrence:

Rare.

Seven specimens were found in the

channel sample of the lignite.

Larlxpollenltes species

1

Plate VI, Figures 43,44,45
Description:

Inaperturate, spherical to prolate spheroidal,

always much folded and distorted.

Size range (18) - 21-28 -
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(60) m in diameter.

usually light brown.

Exine smooth, 0.25 m thick or less,
12 specimens measured.

Specimens

illustrated - Fig.43:CS42,no.8; Fig.44 :8 -1 ,no. 7; Fig.45:
13-7,no.18.
Discussion:

A single large specimen (Fig.43) may represent

a different species, but is being treated here along with
the large number of smaller grains.
Although the form genus Implies a relationship to
Larix. the botanical affinities of this type are unknown.
Occurrence:

Common in samples 7 and

8

of the lower clay,

mostly Infrequent to rare or absent in the remainder of the
deposit.
Distribution of similar forma:
Pseudotauga mucronata Sudw.
Trotter,1^63. Paleocene,South Dakota
Larixpollenltes magnus (Pot. 1931)Thier. 1940
Thiergart,1^40. Miocene - Pliocene,Germany
Gerhard,1958. Paleocene,South Dakota
Fungus spores
Kedves,1961. Lower Eocene,Hungary

Llllacidites species 1
Plate VI, Figures 53a,b
Description:

Inaperturate (7), subprolate.

27-35 m long by 19-28 m wide.

present.

Size range

Furrows indistinct, if

Exine reticulate, 2 m thick, composed of thin

baculae which appear beaded at high focal level; muri
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0.25-0.5m wide, lumina irregular, mostLy 2-4m long; 0-L.
Ten specimens measured.

Specimen illustrated - Fig.53a,b:

CS 27,no.2.
Discussion:

This species appears identical to forms

reported by Groot, Penny and Groot (1961) and Engelhardt
(1964).
An affinity within the Llliaceae is suggested by the
form genus, but its true relationships are unknown.
Occurrence:

Rare.

Present in very small numbers in the

channel sample of the lignite and in sample 7 of the
lower clay.
Distribution of similar forms:
Llllacidites varlegatus Couper 1953
Couper,19571 Upper Cretaceous - Oligocene,New Zealand
Groot, Penny and Groot,1961. Upper Cretaceous,Maryland
Engelhardt,1964. Middle Eocene,Mississippi
Llllcldltes cf. L. intermedlus Couper
Engelhardt, 197>4. Middle Eocene,Mississippi

Incertae Sedis species 3
Plate VI, Figure 46
Description:
view.

Inaperturate (7), subprolate in equatorial

Size of single specimen 25 x 31 m .

Exine faintly

reticulate, 0. 5 m thick; muri 0.5 m , lumina 1-1.5 m across
longest diameter; 0-L.
CS43,no.7.

Specimen illustrated - Fig.46:
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Discussion:

A monoporate grain of similar size and

sculpturing was referred to Sparganlum by Wilson and
Webster (1946).

A pore Is not visible in this single

specimen.
Macrofossils of pistillate heads were referred to
Sparganlum by Berry (1930).
Occurrence: Very rare.

One specimen found in the channel

sample of the lignite.
Distribution of similar forms:
Sparganlum globlpltes Wil.& Web. 1946
Wilson and Webster,1946. Paleocene,Montana

Incertae Sedis species 4
Plate VI, Figure 47
Description:

Inaperturate, prolate spheroidal to sub-

triangular, often split or folded.
6

? - (73)p in diameter.

lumina 1m or less; 0-L.

Exine reticulate, 2m thick;
Texture In general reminiscent

of the bladders of Plnus. but finer.
measured.

Six specimens

Specimen Illustrated - Fig.47:15-6,no.5.

Discussion:
unknown.

Size range (51) - 53-

Botanical affinities of this type are

It is unreported in the literature.

Occurrence:

R«re.

of the lignite.

Six specimens found in three samples
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Incertae Sedis

3 pectes

5

Plate VI, Figure 48
Description:

Inaperaturate, irregularly subprolate.

Size range 22-31p long by 18-26p wide.
granular to scabrate, 1.5-2m thick.
in clusters of 2, 3, 4 and 10.

Exine densely

Specimens found

Specimens illustrated -

Flg.48:CS31,no.4.
Discussion: These rough textured grains resemble the
illustration of Fltzroya cupressoldes in Erdtman,
(PI.22, fig.406).

1943

Its true affinities are unknown, but

the grains are probably gymnospermous.

The type seems

to be unreported in the literature.
Occurrence: Very rare.

Clusters found only four times,

all from the channel sample of the lignite.

Incertae Sedis species

6

Plate VI, Figures 49a,b
Description:
spheroidal.

Inaperturate (?), Irregularly prolate
Size of single specimen, 26 x 29p.

Exine

reticulate, 3.5-4p thick; nexine lp ; sexinous rods 2.5-3p
high form a wide reticulum; muri 0.5p thick, lumina large
and irregular, mostly 5-6p across largest diameter.
Specimen illustrated - Flg.49a,b:15-12,rio.1.
Discussion:

The thin curving muri and broad lumina of
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this specimen resemble that found in spores of Lycopodium
annotinum L.

Since a triiete scar is not visible in the

single specimen found, its relationship to Lycopodium is
questionable.
Occurrence:

Very rare.

One specimen found in sample 12

of the lignite.
Distribution of similar forms:
Lycopodiumaporites clavatoldes Couper 1958
Caroot and Penny, 1^60. Lower Cretaceous,Maryland
Groot, Penny and Groot,1961. Upper Cretaceous,Maryland

Incertae Sedis species 7
Plate VI, Figures 50a,b
Description:
center.

Inaperturate, spherical with depressed

Size range of two specimens, 32-34p in diameter.

Exine stratification obscure; heavily sculptured with
layers of undulating projections which blend in a net
work and rise as blunt, irregular rods 1-2m high, 0.75p
thick.

Specimen illustrated - Fig.50a,b:l3-3,no.5.

Discussion:

Closely similar forms have not been reported

in the literature.

Botanical affinities of this type

are unknown.
Occurrence: Very rare.

Two specimens found in sample

12 of the lignite and sample 13 of the clay.

Ill

Incertae Sedts species

8

Plate VI, Figures 51,52
Description:

Inaperturate (?), subsphericaL to spherical,

some specimens appearing three-Lobed.
not visible.
ulose,

2 -2

Definite apertures

Size range 22-31m in diameter.

Exine spin-

.5m thick; sexine composed of closely spaced,

broad-based spinules, 1.5-2m in diameter, which narrow
to a fine, thin point.

16 specimens measured.

Specimens

illustrated - Fig.51:6-2,no.6; Fig.5 2 :CS37,no.6.
Discussion:

These grains are probably identical to the

splnosus-type reported by Potonie (1931,1934) and Thomson
and Pflug (1953).

Thomson and Pflug have considered them

tricolpate, although definite furrows are not Visible.
The species has not been previously reported from
North America.
Occurrence:

Present in small numbers throughout most of

the deposit.
Distribution of similar forms:
Pollenites splnosus R. Potonie 1934
Potonie,1931b. Middle Eocene,Germany
Potonie,1934. Middle Eocene,Germany
Thiergart,1940. Eocene,Germany
MUrriger and Pflug,1951. Eocene - Oligocene,Germany
Compos1tolpo1lenltes splnosus (R. Pot. 1934)Pot. 1951
Potonie,19^1b. Middle Eocene,Germany
Trlcolpopollenltes splnosus (R. Pot. 1934)Th.& Pf. 1953
P f lug,1^53^ Middle Eocene,Germany
Thomson and Pflug,1953. Middle Eocene - Oligocene,
Germany
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MONOCOLPATE POLLEN
Monosulcltes species 1
Plate IV, Figures 35a,b
Description: Monocolpate (monolete?), prolate spheroidal
in equatorial view.
long by 18-20 m wide.

Size range of two specimens, 19-21 m
Furrow extends about three-fourths

the length of the grain.

Exine verrucate, 0.75- 1m thick,

composed of broad, rounded verrucae 1-2 m wide and up to
1m high.

Specimens illustrated - Fig.35a,b:CS43,no.5.

Discussion:

It is uncertain whether this form represents

pollen (perhaps gymnospermous) or some form of monolete
spore.

A similar, but not identical, species from the

Lower Cretaceous of Maryland was described by Brenner (1963),
Occurrence:

Very rare.

Two specimens were found in the

channel sample of the lignite.
Distribution of similar forms:
Monosulcltes chaloneri Brenner 1963
Brenner,1965. Lower Cretaceous,Maryland

Cycadopltys species 1
Plate VII, Figure 61
Description:
ellipsoid.

Monolete, perprolate, discoid to flatly

Size range of four specimens, 55-79m long by

17-?1m wide.

Furrow widely spread, without marginal

thickenings.

Exine smooth, 1m thick.

Specimen illustrated
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- Fig.61:13-7,no.5.
Discussion:

A species of similar size and shape, but with

furrow margins overlapping in the center, is reported by
Stanley (1960).

An affinity within the Cycadaceae is

suggested, although it is possible that some members of
the Magnoliaceae produced pollen of this type.
Occurrence:

Rare.

Found only in the lower and upper clays.

Distribution of similar forms:
Cycadopltys sp.
Stanley,1960. Upper Cretaceous,South Dakota

Cycadopltys species 7
Plate Vll, Figures 64a,b
Description: Monocolpate, prolate, with ends squared off.
Size range 33-45 m long by 16-25 m wide.

A single, wide-

split furrow occupies most of the distal surface, leaving
both ends and much of the center completely open, and giving
the appearance of folded over walls.

Exine reticulate,

0.75-lp thick; muri 0.25 m , lumina 1 m or less; 0-L.

Smooth

specimens, which may represent altered forms of the same
species, are also found.

Six specimens measured.

Spec

imen illustrated - Fig.64a,b:CS39,no.5.
Discussion:

Specimens with a reticulate exine have not

been previously reported in the literature.

Smooth forms,

however, have been described by Wilson and Webster (1946)
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and Brenner (1963).
A cycadaceous affinity seems very probable for these
forms.
Occurrence:

Rare.

Found in sample 14 of the upper clay,

and in the channel sample of the lignite.
Distribution of similar forms:
Cycadopites follicularis Wilson & Webster 1946
m i on and Webster,1946. Paleocene,Montana
Saulnier,1950. Paleocene,Montana
Monosulcltes alottus Brenner 1963
Arenner,1963. Lower Cretaceous,Maryland

TRIPORATE POLLEN
Nudopollls species 1
Plate X, Figures 88,89
Description: Triporate, contour triangular in polar view,
with straight to convex sides.
(52) M in diameter.

Size range (23) - 27-35 -

Aspides prominent, extending cone-

shaped, 4-5 m above the circumference of the grain, tapering
down to a small, circular pore at the rounded apex; a
narrow canal

6 - 14 m

granular,

thick, increasing to 3m at the base of the

1m

long extends down the "neck".

Exine

aspides; granular texturing very prominent beneath each
pore canal.

51 specimens measured.

Specimens illustrated

- Fig. 8 8 :CS39,no.6 ; Fig.89:CS21,no.2.
Discussion:

This species is undoubtedly Identical to the

termlnalls-type described from the Early Tertiary of Europe
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by Thomson and Pflug (1953) and Pflug (1953).

It is

present in the Ripley Formation (Upper Cretaceous) of
Tennessee (McLaughlin, 1957), and was first reported
from the Wilcox by Jones (1961b,1962) and from the
Claiborne by Engelhardt (1964).

Botanical affinities

of the type are unknown.
Occurrence:

Present in small numbers throughout most

of the deposit.
Distribution of similar forms:
Extratriporopollenltes terminalls Pf.fie Th. 1953
Pflug,1952. Eocene.Germany
Thomson and Pflug,1953. Upper Cretaceous - Eocene,Germany
Jones,1962. Lower Eocene,Arkansas
Cavagnetto,1964. Lower Eocene,France
Engelhardt,1964. Middle Eocene,Mississippi
Extratriporopollenltes sp
D a v i s ^ S ! . 'ftabedded Tertiary,Massachusetts
Jones,1961. Lower Eocene,Arkansas
Groot and Groot,1964. Rebedded Tertiary,Massachusetts
Nudopollls terminalls (Pf.& Th. 1953)Pflug 1953
Pflug,1953. Eocene,Germany
Kunert and Lenk,1964. Upper Cretaceous,Germany
Unnamed
McLaughlin,1957, Upper Cretaceous,Tennessee

Basopollis species 1
Plate X, Figures 90,91
Description:

Triporate, strongly three-angled in polar

view, with concave sides.
in diameter.

Size range in polar view 28-36p

Pores less than 0.5m wide.

Exine finely

granular, 3u thick; ectosexine hooks inward sharply at
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the pore, thickened endosexlne lines the "neck" of the
long, narrow vestibulum; nexine appears as two thin
lines which arch up and touch at the base of the vestib
ulum.

Five specimens measured.

Specimens illustrated -

Flg.90:ll-19,no.8; Fig.91:13-6,no.6.
Discussion: This pollen resembles, in certain respects,
both subspecies of Extratrlporopollenites atumeacens Pf.
(see Thomson and Pflug, 1953).

Pflug (1953) later placed

these into different form genera.

Fig.90 seems to resemble

Nudopollls ornatus. while Fig.91 is closer to Basopollls
atumescens.

The two types may well be distinct in the

Wilcox, but are treated together here due to the small
number of specimens found.

The botanical affinities of

this type are unknown.
Occurrence: Very rare.

Five specimens found in sample

11 of the lignite and sample 13 of the upper clay.
Distribution of similar forms:
Extratrlporopollenites atumescens Pf. 1953 subsp. amplus
Pf. 1953 (In Th.'& Pf. 195X5-----Pflug,1952. Lower Eocene,Germany
Thomson and Pflug,1953. Lower Eocene,Germany
Extratrlporopollenites atumescens Pf. 1953 subsp. ornatus
Pf:-I953*crn fti.i >f. 1T&S)-----------Thomson and Pflug,1953. Upper Cretaceous - Paleocene,
Germany
Extratrlporopollenites sp.
Davis,1961. Rebedded Tertiary,Massachusetts
Basopollls atumescens (Pf. 1953)Pflug 1953
Pflug,1953. Lower Eocene,Germany
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Nudopollls ornatus (Pf. 1953)Pflug 1953
Pflug,1953. Upper Cretaceous - Paleocene,Germany

Trudopollls species 1
Plate X, Figures 92a,b
Description:

Triporate, triangular in polar view, with

straight to slightly convex sides.
two specimens found.

Pores 0.5-1.5p wide, between thick

ectosexinous '*knobs'*.
smooth at mid-focus.

Size range 29-30m in

Exine finely granular, appearing
A conspicuous three-lobed config

uration in the center appears two-layered (1.5-2m thick)
and perhaps represents both nexine and endosexine; ectosexine 0.5m thick between the aspides, thickening to large
knobs 4-5 m thick at the pores; L-0.

Specimen illustrated

- Fig.92a,b:10-9,no.1.
Discussion:

Grains of Trudopollls-type have been referred

to the genus Eucalyptus by Bolkovitina (1953), who compares
them with E. pauclflora Sieb.
In North America, species of Trudopollls have been
reported by Groot, Penny and Groot (1961) and Jones (1962).
Occurrence:
10

and

12

Very rare.

'Two specimens found in samples

of the lignite.

Distribution of similar forms:
Eucalyptus colorata Bolk. 1953
Bolkovftina,1953. Upper Cretaceous,U.S.S.R.
Extratrlporopollenites exemplum Pf. 1953 (in Th.& Pf. 1953)
Thomson and Pflug,1953. Cretaceous - Paleocene,Germany
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Trudopollls conrector Pflug 1953
lug,1953. Upper Cretaceous,Germany
Groot, Penny and Groot,1961. Upper Cretaceous,Maryland
Trudopollls lmperfectus (Pf. 1953)Pflug 1953
Weyland and Kreiger,1953. Upper Cretaceous,Germany
Trudopollls sp.
Jones,1962. Paleocene,Arkansas
Kunert and Lenk,1964. Upper Cretaceous,Germany

Incertae Sedis species 9
Plate X, Figures 96a,b; 97
Description:

Trlporate, rarely tetraporate, contour

broadly subtrlangular In polar view, with convex sides.
Size range (25) - 28-38 - (50) m in diameter.
usually

1 -1

Pores

.5 m wide, up to 3 m In largest specimens,

round to slightly oval shaped, with small sunken rims.
Exine 0,75-1m thick, sexlne composed o^ closely spaced
rods; O-L.

52 specimens measured.

Specimens illust

rated - Fig.96a,b:15-4,no.8; Fig.97 :CSl8,no.4.
Discussion:

The deeply set pores, with a slight tendency

to be shifted into one hemisphere, may indicate a relation
ship within the Juglandaceae.
A specimen illustrated by Trotter (1963) appears
similar.
Occurrence:

Present in small numbers throughout most

of the deposit, reaching its greatest abundance in sample
13 of the upper clay.
Distribution of similar forms:

(?)Funtumia elastica Stapf.
Trotter, 19(>3. Paleocene,South Dakota

TRICOLPATE POLLEN
Incertae Sedis species 10
Plate XII, Figures 112a,b
Description:

Tricolpate, prolate in equatorial view.

Size range 15-20u long by 11-14m wide.

Furrows extend

entire length of grain, margins slightly raised and
thickened in equatorial view.

Exine finely reticulate

(retipllate), 0,75-1 m thick; sexine and nexine of equal
thickness; O-L.

Five specimens measured.

Specimen

illustrated - Fig.112a,b:7-15,no.1.
Discussion:

The botanical affinities of this small,

tricolpate type are unknown.

Trlcolpopollenltes

llblarensis. from the Early Tertiary lignites of Europe
may represent a similar form.
Occurrence:

Common in sample 8 of the lower clay,

infrequent to absent throughout the rest of the deposit
Distribution of similar forms:
Cupullferoldae-pollenltes llblarensis Thomson 1950
Potonie, Thomson and Thiergart,1950. Miocene,Germany
Tricolpopollenites liblarensls Thom. 1953 subsp.
liblarensis Thom. 1953
Thomson-and Pflug,1953. Eocene - Miocene,Germany
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Incertae Sedis species 11
Plate XII, Figure 113
Description:

Tricolpate, subprolate in equatorial view.

Size range 17-22 m long by 12-20 m wide.

Thin furrows

extend the entire length of the grain, margins not thick
ened.

Exine reticulate (retipilate), 1m thick, composed

of thin pila; muri 0.25 m or less, lumina irregular, 1-2 m
long, 1-2 m wide; 0-L.

Five specimens measured.

Specimen

illustrated - Fig.113:CS7,no.2.
Discussion:

The botanical affinities of this small type

are unknown.

Similar forms have not been reported in

the literature.
Occurrence:

Present in very small numbers in the upper

and lower clay, and in samples 9 and 12 of the lignite.

Incertae Sedis species 12
Plate XII, Figures 116a,b; 117
Description:

Tricolpate (7), body of grain oblate spher

oidal, with polar thickenings which give a diamond
shaped contour in equatorial view; three-lobed rounded
in polar view.

Size range 40-53 m long by 26-48 m wide In

equatorial view, 40-50 m in diameter in polar view.

Three

"furrows" extend entire length of grain In equatorial
view, meeting In the center In polar view, where they
seem to merge and rise as a prominent exinous "flange"
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about 7m high.

Furrow margins 1m thick, composed of

closely spaced baculae, oval to rounded at the tips,
forming a beaded appearance in surface view.
usually not gaping.

Furrows

Exine reticulate, 2m thick (becoming

7 m at each polar flange), composed of straight baculae

touching at the tips, their rounded ends forming beaded,
winding tnuri, 0.75-1 m thick.
across.

Lumina broad, mostly 4-5 m

Muri adjacent to the furrow margins are separate,

the beaded muri of the reticulum not fused with the beaded
furrow margin.

27 specimens measured.

Specimens illust

rated - Fig.116a,b:9-5,no.1; Fig.117:CS19,no.5.
Discussion: This large and very distinctive pollen type
has not been previously reported in the literature.

Its

botanical affinities are unknown.
Occurrence:

Present in the lignite in small numbers.

TETRACOLPATE POLLEN
Incertae Sedis species 13
Plate XIII, Figures 118a,b; 119,120
Description:

Tetracolpate, subprolate in equatorial view,

four-lobed rounded in polar view.
view

2 0 - 26 m

diameter.

Size range in equatorial

long by 16-20 m wide; in polar view, 18-22u in
Exine smooth to finely granular, 1.5 m thick;

sexine and nexine of equal thickness.
measured.

11

specimens

Specimens illustrated - Fig.118a,b:CS49,no.10;

Fig.119:CS21,no.1; Fig.120:CS47,no.9.
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DiscusaIon:

Pollen of m o d e m species of Svietenia have

a similar appearance in polar view, but the two types
are not believed sufficiently close to warrant referral.
Similar tetracolpate grains have not been reported
in the literature.
Occurrence:
and

12

Present In very small numbers in samples 10

of the lignite.

TR1C0LP0RATE POLLEN
Incertae Sedis species 14
Plate XIII, Figures 132a,b; 133
Description:

Tricolporate and tetracolporate, subtri-

angular to subspherlcal in polar view, with bulging,
convex sides and prominent ora.
diameter.

Size range 22-26 m in

Exine finely reticulate, 1m thick; sexine

0.5 m , composed of short, fine baculae which produce a

microreticulate pattern; nexine 0.75 m , thickening to
3 m at the ora; L-0.

Four specimens measured.

Specimens

illustrated - Fig.132a,b:13-10,no.5; Fig.133:14-7,no.1.
Discussion:

These specimens appear to belong within

the Tiliaceae, but do not closely resemble any extant
species of Tllla.

Leaves similar to the m o d e m genus

Grewia have been described by Berry (1916,1930) from
the Wilcox.
Specimens illustrated by Potonie (1934) and Macko
(1959) are very similar.
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Occurrence:

Rare.

Six specimens found in the upper clay.

Diatribution of similar forms:
PoLlenites indubitabiiis R. Potonie 1934
Potonie, 1934. rtUdle Eocene,Germany
Unnamed
Macko,1959. Miocene,Poland

Incertae Sedis species 15
Plate XIV, Figures 147a,b
Description:

Tricolporate, three-lobed rounded in polar

view, oblate spheroidal in equatorial view.

Size range

in polar view, 15-17m in diameter; in equatorial view,
15-17 m long by 17-19 m wide.

polar view.

Pores small, indistinct in

Exine 2.5-3 m thick; nexine 1.5-2 m thick;

sexine retipilate, 0.5 m thick, composed of small, closely
set pila, forming a microreticulum with lumina 0.5 m or
less; 0-L.

Eight specimens measured.

Specimen illust

rated - Fig.147a,b:7-5,no.4.
Discussion:
are unknown.
Occurrence:

The botanical affinities of this small type
It appears to be unreported In the literature.
Present in very small numbers throughout

most of the deposit.

Incertae Sedis species 16
Plate XIV, Figures 148a,b
Description:

Pentacolporate (?), subprolate in equatorial
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view.

Size range 19-23m long by 16-21m wide.

Furrows

extend entire length of grain, with heavy nexinous
thickenings interrupted by meridionally stretched, trans
verse pores 2 m high, which seem to connect across the
middle of the grain.

Exine pilate, 0.75m thick; sexine

continues across the transverse pores, bent into an
obvious geniculus, 0.25-0.5m thick; nexine 1-1.5m wide
on either side of the pore; 0-L.

16 specimens measured.

Specimen illustrated - Fig.148a,b:6-l,no.S.
Discussion:

Thiergart (1940) referred a very similar

type to the genus Rhus.

A large (51m ) pentacolporate

grain, also somewhat similar, was questionably placed
in the Anacardiaceae by Traverse (1955).
Leaves of Anacardiaceae type are abundant in the
macrofossil record of the Wilcox (Berry, 1916,1930), most
being placed in the organ genus Anacardltes.
Occurrence:

Present in small numbers in the upper and

lower clay, and in sample

12

of the lignite.

Distribution of similar forms:
Rhus sp.
Thiergart,1940. Upper Oligocene,Germany
Anacardiaceae 7
Traverse,1955. Oligocene,Vermont

Incertae Sedis species 17
Plate XV, Figures 154,155,156
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Description:

Trlcolporate, contour triangular In polar

view, with straight to slightly convex sides.
(19) - 23-27 - (33) m In diameter.

Size range

Furrows long, marginal

thickenings absent or only slightly developed.

Exine

pllate, 1.5 m thick; sexine 0.75-1 m , thinning to 0.25 m at
the pore; nexlne 0.5 m , becoming thicker as it arches across
the pore region in polar view.

Sexine composed of closely

spaced pila, forming a microreticulum; lumlna 0,25 m or
less, most distinct close to the equator; O-L.
mens measured.

55 speci

Specimens illustrated - Fig.154:CS24,no.3;

Fig.155:13-4,no.3; Fig.156:13-5,no.2.
Discussion:

Grains of this type somewhat resemble that of

Symplocos. but have longer furrows than is typical for
the genus.
Some specimens in the "catch all" form species
Trlcolporopollenltes kruschi asp. pseudolaesus. in Thomson
and Pflug (1953), resemble this type.
Occurrence:

Present in small numbers in the lignite and

upper carbonaceous clay.
Distribution of similar forms:
Trlcolporoppllenltes kruschi (Pot. 1931)Th.& Pf. 1953
asp, pseudolaesus I*ot. 1931
Thomson and
lug,1953. Eocene - Pliocene,Germany

Incertae Sedis species 18
Plate XV, Figures 157,158
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Description:

Trlco1porate, subspherlcal In polar view,

with short, broad, pore-like furrows, 2-4 m deep and 1-2 m
wide.

Size range of two specimens, 26-32 m in diameter.

Exine reticulate (retipilate), 1m thick, sexine of closely
spaced pila.

Lumina of reticulum 0.5-1m; muri 0.25m; 0-L.

Specimens illustrated - Fig.157:13-24,no.1; Fig.158:CS45,
no. 3.
Discussion:

Specimens of Subtriporopollenltes scissus

from the Eocene of Germany are larger (40-60m ), but of
a similar appearance.

A specimen illustrated by Jones

(1961b) from the Wilcox of Arkansas is probable identical.
The botanical affinities of this pollen type are unknown.
Occurrence: Very rare.

Found in the channel sample of

the lignite and in sample 13 of the upper clay.
Distribution of similar forms:
Subtriporopollenltes scissus Pf. 1953 (in Th.& Pf. 1953)
Pflug,l93£. Middle Eocene*Germany
Thomson and Pflug,1953. Middle Eocene,Germany
Tricolpppollenltes sp.
Jones,l96!b. Cower Eocene,Arkansas

Incertae Sedis species 19
Plate XV, Figures 159a,b; 160
Description:

Trlcolporate, prolate spheroidal, appearing

diamond shaped in equatorial view.

Size range of three

specimens, 24-25m long by 23-25m wide.

Furrow margins
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2-3m thick, interrupted at the pore; pores 1m wide, transversly stretched.

Exine pilate, 1.5m thick; sexine 0.5m,

composed of closely spaced pila producing a reticulum;
lumlna and muri both about 0.25-0.5 m

;

0-L.

Specimens

illustrated - Fig.159a,b:7-23,no.2; Fig.160:8-3,no.9.
Discussion:

Botanical affinities of this type are unknown.

It has not been previously reported in the literature.
Occurrence: Very rare.

Three specimens found in the lower

carbonaceous clay.

Incertae Sedis species 20
Plate XV, Figures 161,162
Description:

Tricolporate, contour three-lobed rounded

in polar view.

Size range (35) - 40-45 - (47)m in diameter.

Furrows long, with marginal thickenings 1-2m wide; pores
5- 10m wide; thin nexinous membrane continues across the
pore in polar view.

Exine reticulate (retipilate), 0.75-1m

thick; sexine composed of pila which produce a heavy walled
reticulum; muri 0.5m, lumina irregular,0.5- 1m, smaller at
the poles and near the furrows; 0-L.

21 specimens measured.

Specimens illustrated - Fig.161:9-21,no.5; Fig.162:8-9,no.5.
Discussion:
unknown.

The botanical affinities of this type are

It appears to be unreported in the literature.

Occurrence:

Present in small numbers in the lower clay

and in samples 9 and 10 of the lignite.

TETRACOLPORATE POLLEN
Incertae Sedis species 21
Plate XV, Figures 149a,b; 150a,b; 151
Description:Tetracolporate, some trlcolporate, threefour lobed rounded in polar view, prolate spheroidal in
equatorial view.

Size range in polar view (25) - 27-31

(36)u in diameter; in equatorial view, 27-32 m long by
24-28 m wide.

Furrows long, slightly gaping; marginal

thickenings 2-3m wide border each furrow and arch behind
the pores.

Exine smooth to indistinctly textured, 2m

thick; sexine 0.5 m , nexine 1.5 m , becoming thicker behind
the pore area.

14 specimens measured.

Specimens illust

rated - Fig.149a,b:9—11,no.13; Fig.150a,b:8-20,no.6;
Fig.151:7-8,no.2.
Discussion:

The botanical affinities of these tetracol

porate grains is unknown.

They are unreported in the

literature.
Occurrence:

Present in small numbers in the lignite

and lower clay.

Incertae Sedis species 22
Plate XV, Figure 152
Description: Tetracolporate, prolate spheroidal in
equatorial view.

Size range 28-34 m long by 23-30 m wide.

Furrows long, with heavy nexinous thickenings 2m wide,
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which continue in a thin strip 0.5m wide across the pores.
Pores 1-1.5m high, ?m wide, appearing square in some spec
imens.

Exine smooth, 1m thick; sexine 0.5m, nexine 0,75m,

becoming thicker along furrow margins.
measured.

Four specimens

Specimen ilLustrated - Fig.157:6-10,no.7.

Discussion:

The botanical relationships of this distinctive

pollen type are not known.

It is unreported in the liter

ature .
Occurrence:

Very rare.

Four specimens found in the lower

carbonaceous clay.

POLLEN TETRADS
Incertae Sedis species ?3
Plate XV, Figure 163
Description:

Tetrad, inaperturate (7).

Size of single

tetrad, 3? x 36m, individual grains about 15 x ?0m.
granular,

?m thick.

Exine

Furrows or pores do not show on the

single, poorly preserved tetrad.

Specimen illustrated -

Fig.l63:13-?,no.l0.
Discussion:

Pollen tetrads are most commonly associated

with genera of the Ericaceae.

The absence of clearly

defined apertures in this specimen makes this relation
ship questionable.

Within the Bignoniaceae are genera

in which the pollen is united into tetrads, and in which
inaperturate forms occur.

This single tetrad may represent
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a member of this family.
A capsule of bignoniaceous type was reported by
Berry (1930) from Wilcox sediments in Madison Qounty,
Tennessee.
Occurrence:

The single tetrad was found in sample 13

of the upper clay.

V

DISCUSSION

Paleoecological Considerations
Berry (1916,1930) visualized the coastal plain of
the Lower Eocene Mississippi embayraent as a broad area
of low relief with relatively flat shores, characterized
by locally occurring sand flats, barrier beaches, coastal
lagoons or estuaries.

Interspersed among these features

were peat-accumulating swamps and bayous that formed the
abundant lignites.

Present geological evidence (Rainwater

1964) lends support to these Interpretations.
The character of the Wilcox macroflora was described
by Berry (1916) as "overwhelmingly that of a strand flora.
This rich assemblage was believed to have thrived In a
variety of available habitats:

on the sandy beaches or

tidal mud flats, on the beach ridges or behind or between
sand dunes, in and around the shallow swamps and estuaries
or along the banks of slow stream tributaries.
It is difficult to speculate on the exact physical
surroundings in which the lignite bed in question was
formed, or for what period of time it accumulated plant
debris before being covered with its overburden of sandy
clay (Figure 3).

Whatever the period of time (which may

well have been several hundreds of years), the pollen

132
spectrum does not indicate any significant vegetationai
changes.

Certain pollen and spore types are present in

the lower clay, absent or rare in the lignite and present
again in the upper clay, indicating a limited type of
"succession" that might reflect changes in water level or
some similar local factor.

Pollen of Taxodlum. for instance,

which might be expected throughout the deposit, is mainly
confined to the lower and upper clays, with a few specimens
found in sample 1? at the top of the lignite.

Other species

enter the pollen spectrum at a certain level and are found
through the remainder of the deposit.

Nelumbo. for example,

first appears at the base of the lignite and is present
through the upper clay, probably indicating an invasion of
the habitat when water depth was sufficient to sustain its
growth.

Nuphar is probably a later invader, since its

pollen has been found only in the upper clay.
Certain spores, such as those of Sphagnum. Anemia.
Lygodium. Polypodium and other unidentified types, are
consistently present in small numbers through most of the
deposit.

Pollen of Castanea. Celtis. Corylus. Fraxlnus.

Gunnera(?). Platycarya. Ptelea(?). Quercus. Sabal and
Viburnum is also present in varying quantities in most
all samples.

The continuity of these types would seem

to indicate a general stability in the vegetation during
the period of peat-formation.
At the end of Table 1 is a tabulation of the number
of species recorded from each sample out of the total of
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89 species from the entire deposit.

Although species

composition varied somewhat from the lower clay into the
lignite, the number remained about the same (approximately
38 per sample).

In sample 12 of the upper lignite, the

number of species increased to 46, followed by the highest
count, 53, in sample 13 of the upper clay.

The significance

of this increase is uncertain, although it may be assoc
iated with the gradual shallowing of the swamp or with
fluctuating conditions in surrounding areas, both of which
may have allowed invasion of new species.
Genera which can be considered common, abundant or
dominant in one or more samples of the deposit (Table I)
include Anemia. Castanea. Castanopsis. Geltis. Corylus.
Fraxinus. Lygodium. Nyssa. Platycarya. Ptelea(?), and
Quercus.

Larixpollenites and Incertae Sedis species 2, 9

and 10 can also be included here.

These high frequencies

might be Interpreted as indicative of those plants that
grew in closest proximity to the peat-forming swamp.

A

more likely alternative is that these plants were probably
the most prolific pollen or spore producers in the vicinity
and are over-represented In the pollen spectrum.

As an

example, the insect-pollinated water lilies, Nelianbo and
Nuphar. obviously grew in the small swamp or pond during
times when the water level was sufficiently deep, yet the
frequency level of these pollen types is low.

This Is to

be expected for genera that are mainly insect-pollinated,
even though growing in or quite close to the area of
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Table 1
Species Frequency Based on 200 Grain per Sample Counts
0
?
P
1
2
3
4
5

* Absent or not found
“ Present somewhere in channel sample oflignite
* Known present but did not appear in first 200 grains
* 1 grain per 200 (rare)
* 2-10 grains per 200 (infrequent)
" 11-20 grains per 200 (common)
« 21-50 grains per 200 (abundant)
■ 51 or more grains per 200 (dominant)

Samples 6,7.8.13.14 * carbonaceous clay
Samples 9,10,I1,12 * lignite

c

Species

C
6

C
7

C
8

L
9

L
10

L
11

L
12

13

C
14

Anemia sp.l

P

0

1

P

P

2

2

2

3

Anemia(?) sp.2

0

0

0

0

0

0

0

P

0

Annona

0

0

0

P

0

2

1

1

0

Bauhlnia

p

1

0

0

0

0

p

P

2

Betula sp.l

0

0

p

P

p

0

1

P

P

Betula sp.2

0

0

P

2

p

0

p

0

2

Carica(T)

0

0

P

P

0

p

0

0

0

Carpinus

p

0

0

0

0

0

0

p

0

Carva

0

p

0

0

0

0

0

1

P

Castanea

1

1

2

p

1

4

4

p

1

Castanopsis

4

5

5

0

2

2

0

2

2

Celtis

2

2

1

3

2

2

P

1

2

ChrTsoohvllum

P

0

0

0

0

0

0

0

0

Clethra

2

2

0

0

0

0

1

P

P

Cornus

1

P

P

0

0

0

0

P

0

Cory^us

3

2

P

2

2

4

5

5

4
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Table 1 (continued)
c
6

c
7

c
8

L

L

L

L

9

10

11

12

C
13

C
14

Enxe Lhardtia

1

0

1

0

0

0

1

0

0

Fraxinue

2

2

0

3

5

5

4

1

2

F rsmon todend r on

0

0

0

7

7

7

7

0

0

Fungus Spores

5

5

1

4

4

4

2

2

2

GunneraC?)

2

2

2

2

2

P

2

2

2

Hof fmanse juiia

0

0

0

0

P

0

P

0

0

Liriodendron

0

0

0

0

0

0

P

0

0

Lygodium sp.l

0

1

P

P

0

0

0

P

P

Lygodium sp.2

1

2

P

2

3

2

P

3

4

Lyxodivsn sp.3

0

0

0

0

0

0

0

P

P

ManilkaraC 7)

0

0

0

0

0

0

0

2

2

Myrica sp.1

0

0

0

2

0

P

0

0

2

Myrica sp.2

0

0

0

0

0

0

0

0

P

Nelumbo

0

0

0

P

p

p

p

2

P

Nuphar

0

0

0

0

0

0

0

P

P

Nyssa

0

0

p

3

3

1

2

P

0

Osmunda

0

0

0

0

0

p

P

2

1

Pimas sp.l

P

0

0

7

7

7

7

0

P

Pinus sp.2

p

0

0

7

7

7

7

0

P

Planera

0

0

p

0

0

0

0

0

0

Platycarya

3

2

3

3

1

2

2

2

3

Polypodivsn

P

P

p

P

P

1

0

P

P

PteleaC 7)

2

2

3

1

0

1

2

3

3

Pteris

0

0

0

1

0

0

P

P

P

Species
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Table I (continued)
C
6

c

c

7

8

L
9

19

Quercus sp.l

0

0

0

7

7

Quercus sp.2

2

3

2

5

Rhjuanus

2

1

0

Sabal

2

1

Salix

0

Sphaxnum sp.l

c

L
12

C
13

14

7

7

0

0

4

3

3

2

2

0

0

0

0

0

0

1

0

2

2

1

1

1

0

0

7

7

7

7

2

P

0

1

0

2

2

2

P

2

2

Sphaxnian sp.2

0

0

0

0

0

P

1

1

0

Symplocos

0

0

0

0

0

P

0

0

0

Taxodium

1

2

p

0

0

0

P

0

2

Thouinia

0

0

0

0

p

1

P

p

P

Viburmn

2

1

2

1

0

P

2

2

2

Xantboxy lum

0

0

0

0

0

P

P

0

0

Zaaia

0

2

0

0

2

0

0

2

2

Basopollls

0

0

0

0

0

P

0

P

0

Cinxulatisporites

0

0

0

0

0

0

0

P

0

Cycadopitys sp.l

p

1

0

0

0

0

0

P

1

Cycadooitys sp.2

0

0

0

7

7

7

7

0

2

.I

1

p

1

2

2

2

2

2

2

Laevixatosporites sp.2

2

1

1

1

2

P

0

2

2

Larixpoiienites

2

3

3

1

0

0

1

2

0

0

0

0

0

0

P

0

0

0

Liliacidltes

0

1

0

1

0

0

0

0

0

Monosulcltes

0

0

0

7

7

7

7

0

0

Species

Laeylxatosporites

sd

L

L

u
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Table 1 (continued)

Species

C
6

C
7

c
8

L
9

L
10

L
11

L
12

C
13

c
14

Nudopollls

1

P

0

P

P

0

p

1

2

Schizosports sp.l

P

0

0

0

0

P

l

1

1

Schizosporis sp.2

0

0

0

7

?

7

7

0

0

Trudopollls

0

0

0

0

p

0

P

0

0

Incertae Sedis sp. 1

0

p

p

0

0

0

0

0

0

Incertae Sedis Sp. 2

2

2

1

2

0

2

2

3

2

Incertae Sedis sp. 3

V

0

0

7

7

7

7

0

0

Incertae Sedis sp.4

0

0

0

1

0

1

P

0

0

Incertae Sedis sp. 5

0

0

0

7

7

7

7

0

0

Incertae Sedis sp. 6

0

0

0

0

0

0

P

0

0

Incertae Sedis sp. 7

0

0

0

0

0

0

P

p

0

Incertae Sedis sp. 8

1

p

p

2

2

1

0

p

p

Incertae Sedis sp.9

2

0

1

1

2

2

2

3

2

Incertae Sedis sp. 10

0

2

3

2

0

2

0

0

2

Incertae Sedis sp. 11

0

P

1

P

0

0

2

p

1

Incertae Sedis sp. 12

0

0

0

P

P

P

P

0

0

Incertae Sedis sp. 13

0

0

0

0

P

0

P

0

0

Incertae Sedis sp. 14

0

0

0

0

0

0

0

1

1

Incertae Sedis sp. 15

p

1

0

1

p

0

1

p

p

Incertae Sedis sp. 16

2

2

1

0

0

0

1

2

2

Incertae Sedis sp. 17

0

0

0

2

2

2

2

1

1

Incertae Sedis sp.18

0

0

0

7

7

7

7

0

0

Incertae Sedis sp. 19

0

1

p

0

0

0

0

0

0
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Table 1 (continued )
C
6

c

c

L
10

L
11

L
12

c

8

L
9

c

7

13

14

Incertae Sedis sp. 20

P

P

P

P

P

0

0

0

0

Incertae Sedis sp. 21

1

P

1

1

2

0

l

0

0

Incertae Sedis sp. 22

P

0

P

0

0

0

0

0

0

Incertae Sedis sp. 23

0

0

0

0

0

0

0

P

0

35 3?

37

55 33

35

Species

Total - 89

35 35 35
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deposition.

The pond apple, Annona. was probably a swamp

and streamside dweller, as the Florida species A. glabra L.
is today, yet frequency of Annona pollen in the deposit is
likewise generally low.

Insect-pollinated forms growing

some distance from the swamp would have even less chance
of being represented by pollen,

Hoffmanseggia. a leguminous

type which

may have inhabited dry, sandy sites nearby,

known from

only six specimens.

Is

Although many of the genera poorly represented in the
pollen spectrum may have been growing in the general vicin
ity, it is

equally possible that some of these less frequent

types came

from wind-pollinated plants located at some

distance, perhaps many miles away.

The small number of

specimens, and their more or less random distribution, are
believed to indicate long distance transport in the case
of Plnus. Betula. Carplnus. Garya. Llrlodendron and Ostrya.
Plnus. in particular, Is generally heavily represented in
pollen spectra when close to the area of its deposition,
yet only nine grains were found here.

The assumption is

that these and some other infrequent to rare types may have
grown further Inland on the more temperate slopes of the
Eocene Appalachians (Cain, 1943).
Comparison of Wilcox Microfossil
and Macrofossil Floras
Further analysis of the environment and composition
of the Wilcox flora Is perhaps best accomplished by a
comparison of the pollen and spore genera with those
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reported as macrofossils by Berry and others.

The macro

fossil list In Table II is mainly that of Sharp (1951),
with some additions and deletions.

A total of 139 m o d e m

genera appear to be represented In the combined total of
macrofossils and the microfossils reported here.

Of these,

95 are represented only by macrofossils, 25 are known from
mlcrofosslls, and 19 genera are reported from both macro
fossils and mlcrofosslls.
The 19 genera common to both include:

Anemia. Annona.

Betula. Carya. Castanea. Chrysophyllum. Engelhardtia.
Fraxinus, Lygodlum. Myrlca. Nelumbo, Nyssa. Ptelea. Pteris,
Rhamnus. Sabal. Taxodlum. Xanthoxylum and Zamla.

A correl

ation of 19 genera out of 139 is not insignificant, consid
ering the fact that the Wilcox macroflora, as reported by
Berry and others, was a wide ranging assemblage represented
in over 132 localities in eight states, and that the
"Wilcox", as interpreted by Berry, included strata now
subdivided into several formations spanning a time period
of perhaps five to ten million years.

The lignite deposit,

on the other hand, can be expected to reflect mainly the
vegetation of a localized area during a relatively short
period of time.
Genera reported only as pollen and spores are:
Bauhlnla. Carica(?). Carplnus. Castanopsls. Celtls. Clethra.
Cornus, CoryI us. Fremontodendron. Gunnera(?). Hoffmanaeggla.
Llrlodendron. Man!lkara(7). Nuphar. Osmunda. Plnus. Planera.
Platycarya. Polypodium. Quercus. Sallx. Sphagnum. Symplocos.
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Thoulnla and V Lburn urn.
Previous Eocene pollen studies by Gray (1960), Jones
(1961b) and Engelhardt (1964) have indicated the presence
of several of the genera in the two groups Just listed.
The following, however, appear to be previously unreported
or unassigned to m o d e m genera:

Annona. Bauhinia. Carica(7) ,

Castanopsia. Clethra, Chrysophyllum. Cornus, Fremontodendron,
Fraxinus, Gunnera(?). Hoffmanseggia. Nelumbo. Nuphar.
Planera, Ptelea(7). Pteris. Rhamnus. Thoulnla. Viburnum
and Xanthoxylum.
M o d e m Distribution of the Wilcox Flora
M o d e m genera of the Wilcox and some geographical
areas where they may be found today are presented in Table
II.

The chart is basically that of Sharp (1951), supple

mented by data on the floras of Costa Rica and the Sonoran
Desert.
Of the 139 genera, 101 (about 7 2%) are still found
within the boundaries of the United States, either in the
southeastern region (including southern Florida and the
Florida Keys) or in parts of the Sonoran Desert region
that lie within southern California and Arizona.

Surpris

ingly, the vast arid lands of the Sonoran Desert Itself
contain at least 44 (about 31%) of the Wilcox genera.
Floras of the eastern escarpments of the Mesa Central
and the Mesa de San Cristobal, and the adjacent Gulf
coastal plain in southern Mexico (columns 3 and 4 of Table II)
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Table II
Extant Genera of the Wilcox and Some
Areas Where They are Represented Today
M ■ Macrofossil genus
P ■ Pollen or Spore genus
Column 1 - Present in southeastern United States
exclusive of southern Florida.
(Small,
1933; Sharp,1951)
Column 2 - Present in the southeast only in southern
Florida.
(Small,1933; Sharp,1951)
Column 3 - Present in the Lower Tropical Zone along
the Gulf Coastal Plain of southern Mexico,
sea level to 2,500-3,000 feet. (Goldman,
1951; Sharp,1951; Wagner,1964)
Column 4 - Present on the eastern escarpments of Mesa
Central and Mesa de San Cristobal, southern
Mexico, elevation 3.300-4,000 feet.
(Miranda and Sharp,1950; Sharp,1951; Miranda,
1952-53; Wagner,1964)
Column 5 - Present in Costa Rica. (Standley,1937;
Allen,1956; Wagner,1964)
Column 6 - Present in the Sonoran Desert -- parts of
Sonora, Baja California. California, Arizona.
(Shreve and Wiggins,1964-)
Column 7 - Present in central and eastern mainland
China. (Lee,1935; Sharp,1951)
1

Wilcox Genus

2

3

4

5

6

X

X

X

X

Acacia

M

Acerates

M

Acorus

M

Anemia

M

P

X

X

Annona

M

P

X

X

Aralia

M

X

Aris to lochia

M

X

7

X
X
X
X

X
X

X
X

X

X
X
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Table II (continued)
Wilcox Genus
Artocarpua

M

Aalmlna

M

Asplenlun

M

Avlcennla

M

Banara

M

X

Banisterla

M

X

Bauhinia

X
X
X

X
X

X

Berchemia

M

Betula

M

Buettneria

M

Bumella

M

Caesalplnla

M

X X

Calyp tran the s

M

X X

Canavalia

M

X

Caima

M

X

Capparis

M

X

P

M

Castanea

M

Castanopala

X
X

X
X

X

X
X

X

X X
X

X

X

X

X

X

X

X

X

X

X

X

X
X

P

X

X
X

P

X

X
X

X

A
X

X

X

X

M

Celaatrua

M

X
X
X

P

X

X

P

Cedrela

Celtls

X

X

X

Carplnua

Casa la

X

X

P

M

X X

X

Carlca

Carya

X

X

P

P

X

X

X

X

X
X

X

X
X

X

X
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Table II (continued)
Wilcox Genus

1

Cerat ophy 1lixn

M

Cercld iohvlltan

M

Chamaedorea

M

Che 1 lan the s

M

Chrysobalanus

M

Chrys ophy Ilian

M

Cinnamomum

M

CitharexyIon

M

Cladrastis

M

Clethra
M

Combreturn

M

Coraptonia

M

Conocarpus

M

Cordla

H

P

Dodonaea

M

Dryopterls

M

Drypetes

M

Enjtelhardtia

M

Equisetum

M

X

X

X

X

X

X

X

X

X
X

X
X

X
X

X

X

X

X

X

X

X

X

X

X
X

X

X

M

7

X

X

X

P

Diospyros

X

6

X

Corylus

M

X

X

X

X

Dalberxia

5

X

P

M

4

X

Cornus

Cryptocarya

3

X

P

Coccoloba

2

X

X
X

X
X

X

X
X
X

X

X
X

X

X

X

X

X

X

X
X

X

X

X

X

X

P

X

X

X

X

X
X

X
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Table II (continued)
1
1

Wilcox Genus
Eucamnia

M

Eugenia

M

Euonnnus

M

Exos tenia

M

Ficus

M

Fraxinus

M

Fremontodendron

3

4

5

M

Glyptos trobus

M

Quettarda

M

Gunnera

X

X

X

X

X

X

X

X

X

X

P

X

X

X
X

Icacorea

M

Ilex

M

X

X
X
X

X
X

X

X
X

M

Leitneria

M

X

Liauidambar

M

X

M

X

X

Laxuncularia

Magnolia

X

X

M

M

X

X

X

Juxlans

Lty&odium

X

X

M

Liriodendron

X

X

P
M

X

X

M

Hymenaea

7

X

P

Hof fmanse Jtstia

6

X

P

Gleditsia

Hiraea

o

X

X

X

X

X
X

X
X

X

X

X

X

X

X
X

P

X

P

X

X

X

X

X

X
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Table II (continued)
Wilcox Genus
Manlhot

1

2

M

Manllkara

3
X

P
M

X

X

Metoolisn

M

X

X

MlmusoDS

M

X

Myrlca

M

Nectandra

M

Negundo

M

Nelumbo

M

Nuphar
Nyssa

M

Ocotea

M

Oreopcnax

M

Osman thus

M

Osmund a

P

M

Pallurus

M

X
X
X

P

X

P

X

P

X

X

X

7

X

X

X

X

X

X

X

X
X

X

X
X

X

X

X
X

X

X

?

X
?

7
X

X
*

M

X

M

Plnus

6

X

X

P

Ouratea

5

X

Maytenus

Persea

4

X
P

X
X

X
X

X

X

X

X

X

X

X

Plsonla

M

X

X

X

X

X

Pistla

M

X

X

X

X

X

Plthecoloblum

M

X

X

X

X

X

Platanus

M

Planera

X
P

X

X
X

X

Table II (continued)
Wilcox Genus
Platvcarva

P

Polyp odium

P

X
X

Potamoaeton

M

X

Prunua

M

X

Pseudolmedla

M

Psychotrla

M

Ptelea
Pteris

M
M

Quorcus

X
X

X
P

X

P

X

P

X
X

M

P

Sabal

M

P

X

X

X

X

Saplndua

M

X

X

Scfaef f lera

M

Slderoxylon

M

X X

Simaruba

M

X

Smllax

M

Sophora

M

X

X
X

X

X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X X

X

X

X
X

X

M

X

X

X

X

X
P

X
X

M

M

X

X X

X

Taxodiun

X

X

X

Symp locos

X

X

X

M

Sterculla

X

X

P

S phaaman

7

X

Salvlnia

Sparaanium

7 ?

X

Rhjtmrm.1

Sallx

7

7

7 ?

X

X

P

X

X X

P

X

X

7
X

X

Table H
Wilcox Genus
Teminalia

1

4

X

5

6

X
X

X

7
X

X

M

X
P

X

X

X

X

X

X

X

Xanthoxvlum

M

P

Zamla

M

P

Zelkova

M

Zizyphus

139 Genera

3

P

Viburnum

ZvRODhvllum

2

M

Thoulnla
Trapa

(continued)

X

1T5 55

X

X

X
X

M

X

X

X

X
X

55 55 5T 55 55 55 55
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together contain at least 10 2 (about 73%) of the Wilcox
genera.

Miranda and Sharp (1950) and Sharp (1951) were

the first to call attention to the generic similarities
between these areas and the Eocene Wilcox.

On each escarp

ment, at an elevation of about 3,300-4,000 feet, occurs a
"transition" zone in which is found a mixture of subtropical
and temperate genera.

Several of the Wilcox genera reported

in this study only from pollen and spores occur in this
transition zone:

Carpinus. Celtis. Clethra, Cornua. Gunners.

Ostrya. Pinus, Quercus. Symplocos and Thouinia.
Palynological studies by Gray (1960), Jones (1961b)
and Engelhardt (1964) have likewise revealed r

ires of

temperate and subtropical genera in the m i e n

* of the

Eocene.

These findings support and strengthen the suggest

ion of Sharp (1951) that the climate of the Lower Eocene
was not too unlike that of present day eastern Mexico.
Both temperate and subtropical genera could be expected
in pollen assemblages if the Mississippi embayment area
were a subtropical, humid coastal plain occupied by the
strand flora described by Berry (1916,1930) and Ball
(1931,1939), while the inland foothills of the Eocene
Appalachians were occupied by an upland forest of more
temperate aspect.
The Problem of Xerophytic
Genera in the Microflora
In a discussion of environmental conditions of the
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Middle Eocene as interpreted by a pollen analysis from
the Claiborne, Gray (1960) mentions the ecological question
raised by the presence of pollen of Ephedra in an assemb
lage which otherwise reflects temperate highlands and
humid, subtropical coastal conditions.

M o d e m species

of Ephedra are presently confined, in North America, to
warm-temperate or subtropical deserts.

Gray interpreted

the presence of this abundant and well preserved pollen
as indicating local conditions of edaphic aridity such as
would be found on sand flats, beach dunes or other highly
insolated sites with shallow, rapidly drying soil.
Although Ephedra was also reported by Jones (1961b)
and Engelhardt (1964), it has not been found in the lignite
and clay studied here.

However, two other genera presently

confined to similar arid habitats do appear in this micro
flora.

Pollen of Fremontodendron of the Sterculiaceae and

Hoffmanseggla of the Leguminosae was found in very small
numbers.

The genus Fremontodendron is presently repres

ented by two species of evergreen shrubs or small trees
inhabiting dry ridges or rocky hillsides in Southern Calif
ornia and parts of the Sonoran Desert region.
and Wiggins, 1964).

(See Shreve

Hoffmanseggia is represented in the

Sonoran Desert region by five species of herbs or small
shrubs which grow in sandy, gravelly or rocky, and some
times alkaline, soils.

The assumption appears logical

that these plants, and perhaps several others of the 44
Sonoran Desert genera present in the Wilcox flora, Inhabited
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sites of edaphic aridity in coastal situations.

(See

Table II, column 6).
Some Early Tertiary Pollen Types
of Europe Present in the Wilcox
Jones (1961a,1961b) reported similarities between a
pollen and spore assemblage of Wilcox age from south-central
Arkansas and the microfloras reported by many European
workers.

That this similarity is indeed substantial is

demonstrated by the large number of comparable forms from
Germany, France, Hungary, Poland and Russia compiled in
the systematic section of this work.

Several of these

pollen and spore types (e.£., Anemia. Lyg.odium and Taxodium)
are of almost world-wide distribution and span time periods
of many millions of years.

Others appear to have a more

restricted distribution both xn time and geographical area,
and as such, can be of major value in geologic correlation.
Several distinctive and generally restricted pollen
species described from the Late Cretaceous - Early Tertiary
lignites of Europe have occasionally appeared in Upper
Cretaceous to Middle Eocene pollen floras from the Atlantic
and Gulf Coastal Plain areas (McLaughlin, 1957; Davis, 1961,
Groot, Penny and Groot, 1961; Jones, 1961b,1962; Groot
and Groot, 1964; Engelhardt, 1964).

The following types

found in this study appear to be of particular importance
in establishing some degree of continuity between the floras
of Eastern North America and Europe during the Late Cretaceous
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and Early Tertiary:
Sabal species 1 - Monocolpopollenites areolatus (Pot.

'

1953----- --

Coryjus species 1 - Trlporopolienites robustus Pf. 1953
Celtis species 1 - ThomsonipoIlls ma*nificus (Pf.& Th.

19'!T5Tfe-7 19&0----- ---------Nudopollis species 1 - Nudopoliis terminalis (Pf.& Th.
1953;Pf. 1973
Basopollis species 1 - Basopollis atumescens (Pf.& Th.

----

1953) Pi?. 1951-------

Trudppoilis species 1 - Trudopolils conrector Pf. 1953
Trudopoilis imperfectua Pf. 1953
Incertae Sedis species 8 - Tricolpopollenites spinosus
(Pot. Trf5rrhTTT?.“ T O 3 ---

VI

SUMMARY

Eighty-nine species of pollen and spores were found
in a lignite and clay deposit from the Tuscahoma Formation
(Middle Wilcox) in Kemper County, Mississippi.
of these have been referred to modern genera.

Forty-four
Of the

latter, nineteen were previously reported as macrofossils
from the Wilcox, and twenty-five are either new to the
Wilcox or have been previously reported only as micro
fossils.
Composition of the pollen flora indicates the presence
of a variety of ecological situations.

Plants of swamp

and streamside habitats are common, along with a few xerophytlc types adapted, perhaps, to growth on dry, sandy
sites.

The presence in small numbers of pollen from

genera typical of upland, more temperate environments
provides a regional aspect not reflected in the macro
fossil assemblage.
The microflora was found to be a mixture of tropical,
subtropical and temperate genera whose modern equivalents
are found today in Central America, Mexico, southwestern
United States and Southeast Asia, with a great number
still extant in the warm-temperate and subtropical regions
of the southeastern United States.
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The pollen and spore assemblage supports the theory
that the Lower Eocene Mississippi embayment area was a
subtropical, humid coastal plain occupied by a strand and
lowland swamp flora, while the inland foothills of the
Eocene Appalachians supported an upland forest of more
temperate aspect.
The presence of several pollen types previously
reported in the Upper Cretaceous - Early Tertiary of Europe
appears to indicate rather close floral ties between the
two continents during these periods.
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PLATE I
TRILETE SPORES
Sphagnum species 1.

Page 26.

Fig.1 - 28m
Fig. 2 - 26 m
Fig.3 - 23 m
Sphagnum species 2.

Page 27.

Fig.4 - 31m
Clngulatisporltes species 1.

Page 98.

Fig.5a,b - 39 m
Leiotriietes species 1.

Page 99.

Fig. 6 - 34 m
Qsmunda species 1,

Page 28.

Fig. 7 - 4 1 m
Fig.8 - 4 5 m
Lygodlum species 1.
Fig.9 - 58 m
Fig.10 - 55 m

Page 30.
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PLATE I

PLATE II
TRILETE SPORES
Lygodium species
Fig. 11 - 68 m
Fig. 12 - 61 m
Fig. 13 - 4 8 m
Fig. 14 - 58 m
Fig. 15 - 4 2 m
Fig. 16 - 36 m
Fig. 17 - 32 m
Fig. 18 - 4 2 m
Fig. 19 - 4 4 m
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Page 31.
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PLATE III
TRILETE SPORES
Lygodium species 3.

Page 35.

Fig.20 - 92m
Anemia species 1.
Fig. 21 - 51m
Fig.22 - 59m
Fig.23 - 68m
Fig.24 - 56m

Page 37.

17?

PLATE III
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PLATE IV
TRLLETE AND MONOLETE SPORES
Pterls species 1.

Page 41.

Fig.25 - 65 m
Fig.26 - 68m
AnemiaC?) species 2.

Page 40.

Fig.27 - 61 m
Incertae Sedis species 1.

Page 103.

Fig.28 - 34 m x 20 m
Laevigatosporltes species 1.

Page 99.

Fig.29 - 31 m x 20 m
Fig.30 - 35 m x 25 m
Polypodium species l.

Page 43.

Fig.31 - 36 m x 25 m
Fig.32 - 39 m x 27 m
Fig.33 - 36 m x 23 m
Incertae Sedis species 2.

Page 103.

Fig.34 - 48 m x 37 m
Monosulci tea species 1.

Page 112.

Fig.35a,b - 19 m x 18 m ; 21 m

x

7
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PLATE IV
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PLATE V
MONOLETE AND INAPERTURATE SPORES
Laevigatosporites species 2.

Page 101.

Fig.36 - 32m x 25m
Fig.37 - 33m x 20m
Fig.38 - 62m x 35m
Fig.39 - 61 m x 51 m
Schizosporis species 1.

Page 104.

Fig.40 - 78 m x 4 3 m
Fig.41 - 87 m x 4 9 m
Schizosporis species 2.
Fig.42 - 108 m x 67 m

Page 105
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PLATE VI
INAPERTURATE(?) SPORES AND POLLEN
LarlxpolLenitas species 1.

Page 105.

Fig.43 - 59 m x 56 m
Fig.44 - 29 m x 25m
Fig.45 - ?2 m x 21 m
Incertae Sedis species 3.

Page 107.

Fig.46 - 31 m x 25m
Incertae Sedis species 4.

Page 108.

Fig.47 - 53 m x 51 m
Incertae Sedis species 5.

Page 109.

Fig.48 - 33 m x 28 m (Largest specimen)
Incertae Sedis species 6.
Fig.49a,b - 30 m

x

25 m

Incertae Sedis species 7.
Fig.50a,b - 36 m

x

Page 109,

Page 110.

35 m

Incertae Sedis species 8.

Page 111.

Fig. 51 - 31 m x 31m
Fig.52 - 31 m x 30 m
Llliacidltes species 1.
Fig. 53a,b - 36 m

x

29 m

Page 106.
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PLATE Vi

PLATE V H
MONOPORATE AND MONOCOLPATE POLLEN

Pinus species 1.

Page 45.

Fig.54a,b,c - 58m overall
Plnus species 2.

Page 46.

Fig.55 - 59 m overall
Taxodlum species 1.

Page 47.

Fig.56 - 29 m
Fig.57 - 27 m
Fig.58 - 30 m
Zamia species 1.

Page 44.

Fig. 59 - 25 m x 17 m
Fig.60 - 23 m x 18 m
Cycadopltys species 1.

Page 112.

Fig. 61 - 55 m x 18 m
Sabal species 1.
Fig.62a,b - 29m

Page 50.
x

18m

Fig.63 - 35m x 23m
Cycadopltnrs species 2.
Fig.64a,b - 36m

x

19m

Page 113.

180

PLATE VII

PLATE VIII
MONOCOLPATE POLLEN

Nuphar species 1.

Page 75.

Fig.65 - 41 m x 3 3 m
Lirlodendron species 1.
Fig.66a - 500x.

Page 77.

Actual size 108m

66m

x

Fig.66b - Portion of grains at lOOOx
Annona species 1,
Fig.67a - 500x.

Page 78.
Actual size 120m

x

90m

Fig.67b - Portion of grain at lOOOx
Fig.68a - 500x.

Actual size 94m

x

Fig.68b - Portion of grain at lOOOx

66m
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PLATE VIII

PLATE IX
TRIPORATE POLLEN

Myrlca species 1,

Page 53,

Fig. 69 - 70m
Myrica species 7.
Fig.70

-

Page 54.

? 5m

Carya species 1.

Page 55.

Fig.71 - 27p
Fig.77 - 3? m
Platycarya species 1.

Page 58.

Fig. 73 - 20 m
Fig.74 - 21 m
Engeihardtia species 1.

Page 57,

Fig.75 - 27m
Fig.76 - 77m
Coryius species 1.

Page 60.

Fig.77 - 34m
Fig.78 - 34 m
Ostrya species 1.

Page 62.

Fig.79 - 32 m
Carplnus species 1.
Fig.80 - 35m
Fig.81 - 30m

Page 63.

Betula species 1.

Page 65.

Fig.8? - 30m
Betula species 2.

Page 66.

Fig.83 - 24m
Celtls species 1.
F i g .

Page 74.

84 - 2?m

Flg,85a,b,c - 27m

PLATE IX

PLATE X
TRIPORATE POLLEN

GeLtls species 1.

Page 74.

Fig.86 - 40 m
Fig.87 - 42 m
Nudopollls species 1.

Page 114.

Fig.88 - 37 m
Fig. 89 - 39 m
Basopollls species 1.

Page 115.

Fig.90 - 31 m
Fig.91 - 30 m
Trudopoilis species 1.

Page 117.

Fig.92a,b - 31 m
Bauhinla species 1.

Page 81.

Fig.93 - 20 m
Fig.94 - 23 m
Fig. 95a,b - 19 m
Incertae Sedis species 9.
Fig. 96a,b - 4 2 m
Fig.97 - 32 m

Page 118.
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PLATE X

PLATE XI
TRIPORATE AND TRICOLPATE POLLEN

Hoffmanseggia species 1.

Page 80.

Fig.98a, b - 5 8 m
Fig.99 - 50 m
Thouinia species 1.

Page 84.

Fig.100 - 55m
Planera species 1.

Page 73.

Fig.101 - 21m
Salix species 1.

Page 57.

Fig.102a,b

-27m

x

18m

Fig.103a,b

-23m

x

15m

Quercus species 1.

Page 71.

Fig.104a,b

-34m

x

79m

Fig.105a,b

-31m

x

74m

PLATE XI

PLATE XII
TRICOLPATE POLLEN

NeLumbo species 1.

Page 76.

Fig.106 - 43m
Fig.l07a,b - 26m

25m

x

Fig.108 - 40m
Fraxlnus species 1.

Page 96.

Fig.109a,b,c - 18m
Fig.110a,b,c - 14 m
Fig.111a,b,c - 17; x i6m
Incertae Sedls specitj L0.
Fig.112a,b

-

19m

x

Page 119.

13m

Incertae Sedis species 11.

Page 120.

Fig.113 - 18 m x 14m
Gunnera(7) species 1.
Fig. 114a, b,c - 21m

Page 90.
x

20m

Fig. 115a,b - 23m
Incertae Sedis species 12.
Fig.116a,b - 50 m x 4 5 m
Fig.117 - 50 m

Page 120.
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PLATE XII
A

'■

i

noa

111a

114a

112a

111b

114b

114c

110b

112b

115 a

113

115b

PLATE XIII
TETRACOLPATE AND TRICOLPORATE POLLEN

Incertae Sedis species 13.

Page 121.

Fig. 118a,b - 23m x 19.5m
Fig. 119 - 18m
Fig. 120 - 20m
Castanea species 1.

Page 68.

Fig. 121a, b - 15m x 8.5m
Castanopsis species 1.

Page 69.

Fig. 122a, b - 15 m x 13m
Quercus species 2.

Page 7 2.

Fig.123a,b - 19m
Fig.l24a,b - 19m

x

15m

Fig.125a,b,c - 17m x 17m
Xanthoxylum species 1.

Page 82.

Fig.126a,b,c - 21m x 21u
Ptelea(?) species 1.
Fig. 127a,b - 20m

Page 83.
x

17m

Fig. 128a,b - 18m
Glethra species 1.
Fig. 129 - 22 m
Fig. 130 - 21 m

Page 92.

Rhamnus species 1.

Page 85.

Fig. 131 - 17m
Incertae Sedis species 14.
Fig. 132a,b - 24m
Fig. 133 - 22m

Fage 1??,
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PLATE XIII

0

< #
121a

121b

PLATE XIV
TRICOLPORATE POLLEN

Fremontodendron species 1.

Page 86.

Fig.134a, b - 33 m
Fig.135a,b - 35 m
Nyssa species 1.

Page 88.

Fig. 136a, b,c - 22m

x

19m

Fig. 137a, b - 30m
C o m u s species 1.
Fig.138a,b

-

Page 90.

35m

29m

x

Fig.139 - 31m
ChryaophyHum species l.

Page 93.

Fig.140 - 18 m x 12.5 m
Manilkara(?) species 1.

Page 94.

Fig.141 - 34 m x 30 m
Fig.142 - 32 m x 26 m
Fig.143 - 30 m
Sympiocos species 1.

Page 95.

Fig.144 - 22m
Viburnum species 1.

Page 97.

Fig.145 - 21 m x 12m
Fig.146 - 18.5 m x 15m

Incertae Sedis species 15.

Page 173.

Fig. 147a,b - 16 m
Incertae Sedis species 16.
Fig.148a,b - ?0m

x

17m

Page 1?3.

197

PLATE XIV

134a

1341

141

142

144

143

I47i
147a

145

1351

135a

147b

AA

146

148a
i

i

i

1- - - - - - - 1------ 1

5 Ou

|4Bb

PLATE XV

TRICOLPORATE AND TETRACOLPORATE POLLEN: POLLEN TETRADS
Incertae Sedis species 71.

Page 178.

Fig.149a,b - 27m
Fig.150a,b - 26m x ?3m
Fig. 151 - 36m
Incertae Sedis species 77.

Page 178.

Fig.152 - 3? m x 30 m
Cafica(7) species 1.
Fig.153a, b - 35m

Page 87.
x

30m

Incertae Sedis species 17.

Page 124.

Fig.154 - 29 m
Fig.155 - 26 m
Fig.156 - 26 m
Incertae Sedis species 18.

Page 125.

Fig. 157 - 26 m
Fig. 158 - 32 m
Incertae Sedis species 19.
Fig.159a,b - 30m

x

Page 176.

25m

Fig.160 - 24m x 22m
Incertae Sedis species 70.
Fig.161 - 40 m
Fig.162 - 40 m

Page 127.

Incertae Sedis species
Fig. 163 - 37m x 3?m

?3.

Page 1?9 .

Incertae Sedis species ?3.
Fig.163 - 37 m x 3? m

Page 1?9.

PLATE XV

PLATE XVI
MISCELLANEOUS, UNDESCRIBED
Fig,164 - 26m x 24 ,5m
Fig.165 - 30m x 11m
Fig.166 - 26m x 27m
Fig.167 - 18m x 15m
Fig.168 - 14m x 11.5m
Fig.169 - 27m x 14m
Fig.170 - 79m x 10m
Fig.171 - 47m x 40m
Fig.172 - 44m (total)
Fig.173 - 34m x 32m
Fig.l74a,b - 70m

x

52m
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PLATE XVI

174b
174a
i

i

i

i

i50u

VITA
Janet Kirchner Warter was b o m Janet Lee Kirchner on
July 27, 1933, in Greensburg, Pennsylvania.

After grad

uation from Greensburg High School In 1951, she enrolled
in the Pennsylvania State University as a biology major
in Secondary Education.
State University in 1955.

She was graduated from Pennsylvania
During the academic year 1955-

1956, she was employed as a tenth grade biology teacher at
Greensburg High School, Greensburg, Pennsylvania.

From

1956-1961 she taught tenth grade biology at Altoona Senior
High School, Altoona, Pennsylvania.

She received a Master

of Education degree from the Pennsylvania State University
In August, 1960.

In June of 1961 she resigned her teaching

position to begin full-time graduate study at the University
of T e n n e s s e e , where she was a Graduate Teaching Assistant
in the Botany Department from 1961-1962.

In September,

1962, she transferred to the Louisiana State University
to continue studies toward the Ph. D. degree in Botany.
She was married to Stuart Lawrence Warter in November,
1962.

From 1962-1965 she was a Graduate Teaching Assistant

In the Department of Botany and Plant Pathology at the
Louisiana State University, where she is now a candidate
for the Ph. D. degree.

203

E X A M I N A T I O N

A N D

T H E S I S

R E P O R T

Candidate:

Jani't Kiiclmer Wurtei

Major Field:

Botany

Title o f Thesis:

P a l y n o i o g y of a L i g n i t e o f L o w e r E o c e n e ( W i l c o x )
A g e fr o m K e m p e r C o u n t y , M i s s i s s i p p i
Approved:

M a jo r P r o f e s s o r an d < 'h airm a n

*A-% / r i A S r / / ,

< C,

D e a n of (h e G r a d u a t e School

EXAMINING COMMITTEE:

D a te o f E xam in ation :

July

13,

1 CM> B

